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I.A. CYCLIC PEPTIDE HEPATOTOXINS -FROM BLUE-GREEN ALGAE

Andrew M. Dahlem, Ken-ichi Harada, Wayne W. Carmichael, Val R. Beasley

Introduction

Toxic blooms of cyanobacteria are a cosmopolitan characteristic

feature of many nutrient-filled fresh and brackish waters. Two genera,

Microcwstis and Nodularia, which have produced naturally occurring

peptide hepatotoxin containing blooms, are being studied, and their

toxins have been isolated and purified. The principal species under

investigation, Microcystis aerufinosa, has been frequently cited in

animal poisoning incidents and the toxin of interest from this species is

a low molecular weight (994 daltons), peptide hepatotoxin with a

relatively high toxicity (LD 5 0 :35-50 ug/kg IP mouse). The other

hepatotoxin producing cyanophyte being studied is Nodularia p2Rnigena.

This algae was collected by the research group of M. H. G. Munro from a

toxic bloom in Christchurch, New Zealand and the toxic principle is under

structural investigation by the spectroscopy group of Dr. Kenneth

Rinehart with Dr. Ken-Ichi Harada in the Department of Chemistry at the

University of Illinois. It too is a low molecular weight toxin of hig'.

toxicity (LD 5 0 :50-80 ug/kg IP mouse) and has many structural

similarities to the toxin from Microcletis. aeru2inosa.

Isolation and purification methods for the cyclic peptide toxins as

well as development of methods to assess the purity of toxin supplied are

clearly essential prior to toxicology studies to assess such parameters

as minimal lethal dose (HLD), no effect dose (NED), LD5 0 , and

pathophysiologic functions. These algae toxins display very steep

dose/effect curves between a dose which will not cause death, and

potentially lethal doses. For these reasons the integrity of toxin must
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be precisely known so that toxicology studies can be valid and

repeatable.

Microcystin (Cyanoginosin-LR, to7.in-LR, toxin BE-2) is z potent

pIptide hepatotoxin produced by the blue-green algae Mitrocyjst

j0. Several methods have been developed for the isolation and

purification of this and closely related toxins (1-3) but all methods to

date rely on purity evaluation based on HPLC with UV absorption. The

extraction procedure developed in Dr. Carmichael's Laboratory has been

used to produce large amounts of toxin of relatively high purity, however

non-DV-absorbing impurities have been occasionally observed in material

purified by this method. In order to develop dose/response data on this

potent toxin, and to establish the purity of material to be tested,

additional methods of separation and detection are required.

In order to standardize toxin material and to describe other

compounds which occur as contaminants of toxin, a thin layer

chromatography (TLC) method was developed. Initial evaluations of toxin

material has revealed contaminants -which were not detectable by high

performance liquid chromatography (HPLC) with U.V. detection alone. The

goal of this study was to develop a TLC method utilizing two detection

reagents including iodine vapor followed by sulfuric acid to determine

contaminants whicb are not detectable by U.V. absorbence alone.

Subsequently, these alternate methods of toxin separation and detection

in addition to the standard nethod of EPLC with UV detection were used to

ensure the purity and integrity of toxin used in animal toxicity testing.

MATEIALS AND HE1EODS

The microcystins from two different strains of Microcysti8

aerusijoaa, extracted by two different methods, were evaluated. One of

Ii I....III,,.



the Microcystis strains was grown in the laboratory of coinvestigator Dr.

Wayne Carmichael and was designated as strain 7820. The other

"Microcystis cell material was from a surface bloom collected from a farm

pond in Monroe, Wisconsin and is designated as the Monroe strain. Cells

from both strains of Microcyss.v were lyophilized prior to toxin

extraction.

Toxin Extraction and Purifiction

The procedure used for .oxin extraction of the 7820 strain (Fig. 1)

was developed in the laboratory of coinvestigator Dr. Wayne Carmichael as

a modification of the Siegelman method and is described by Krishnamurthy

et al. (4).

The procedure used for toxin extraction of the Monroe strain is

shown in Figure 2.

Thin Layer Chromatography

Microcystin which was extracted from algae cells and evaluated to be

of greater than 90% purity by HPLC with U.V. detection was dried by

lyophilization or under a nitrogen stream prior to purity analysis.

Sufficient EPLC grade methanol was then used to dissolve toxin to give a

final concentration of 5 ug/ul. Samples were applied to the high

performance silica TLC plate with glass microcaps in amounts of 5, 10,

and 25 ug and application was verified by observation under short wave

U.V. prior to development (toxin absorbs short wave UV). The TLC plates

were placed in pre-equilibrated TLC chambers and the solvent path was 13

Cu.

TLC Mobile Phase

a) system 1- Ethyl acetate-isopropyl alcohol-water (4:3:7). This

system forms two phases and the top (organic) layer was used

for TLC separation.



b) System 2 - Chloroform-methan:--water (65:35:10). This solvent

system also forms two layers and in this case the lower

(organic) layer is used for TLC separation.

Detection

The developed TLC plate was heated at 1050 C for 5 minutes to

evaporate remaining solvents, The plate is visualized under short wave

U.V. light (since the toxin absorbs in this wave length range) and the

U.V. absorbing eluted components of the "toxin" were marked with pencil

on the silica surface. The plate was then placed in a chamber with

iodine vapor and, after 5 minutes, the positions of the toxin and

impurities were evaluated. The iodine was driven from the TLC plate by

heating at 1050 C for 5-10 minutes. The TLC plate was then sprayed with

30Z fl2 SO4 in methanol and heated for 10 minutes at 1050C. The

locations of toxin (r.f. 0.25) and impurities were determined by

observation of the TLC plate under long wave U.V. light.

Purity Evaluation

The purity of the toxin was subjectively evaluated by observing the

relative concentration of the toxin with respect to impurities at each of

the concentrations applied to the TLC plate.

RESULTS AND DISCUSSION

The method eliminates costly and time consuming gel filtration steps

(developed for purification of the Monroe strain) and reduces toxin extraction

time by eliminating the time necessary to evaporate large volumes of water.

It has been used to produce only small quantities of purified toxin but has

the advantage of isolating the toxin in organic solvents which can be directly

applied to silica gel TLC plates to test toxin purity.

U.V. detection is a valuable tool which can be used in evaluating the

concenLration and purity of compounds under investigation. U.V. detection
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alone, however, does not detect some compounds which can occur as contaminants

of purified toxin material and, for this reason, other methods of detection

and analysis were developed. Purified toxin which appeared greater than 95%

pure by RPLC with UV detection alone was shown to contain up to 20%

contamination when examined by TLC methods.

The T7C method described offers a normal phase separation method and two

spray reagents which serve as detectors in addition to the U.V. detection used

in reverse phase toxin purification. This additional TLC method has proven

valuable for the description of toxin material.

I.B. STABILITY EVALUATION OF MICROCYSTIN IN AQUEOUS SOLUTION

Andrew M. Dahlem, Val R. Beasley

Materials and Methods

Stability of purified toxin material was investigated concurrently

with toxin purification methods. Purified toxin was dissolved in aqueous

solution and periodically evalu ted to determine the fate of the toxin

material. Toxin stability was assessed by comparing the HPLC

chromatograms of a freshly prepared toxin standard solution with those of

stored toxin solutions under the conditions of freeze/thaw,

refrigerate/warm or constant roco temperature storage.

S~Results

Toxin degradation under any examined condition does not appear to be

a problem except under extreme conditions of repeated freeze/thaw or

greater than 1 week at room temperature.

I.C. PRODUCTION OF RADIOLABELLZL MICROCYSTIN TOXIN

Andrew M. Dahlem, Ken-Ichi Harada, Wayne W. Carmichael, Val R. Beasley

Problems associated with the detection of toxin material with U.V.

absorption can be minimized with the use of radiolabelled toxin in
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analytical methods development. The radiolabel will subsequently

facilitate pharmacokinetic studies assessing absorption, distribution,

metabolism and excretion by providing an easily detectable isotopic label

which should remain a part of a metabolized toxin. This label will

provide a detectable marker even if the toxin becomes structurally

altered or protein bound and thereby difficult to isolate and/or detect

by UV absorption. Two possible methods of labelling the toxin have been

preliminarily investigated by our research group; biosynthetically,

involving C-14 label, and synthetically, with a tritium label.

Thus far, the production of biosynthetically labelled toxin has been

proposed by providing C-14 labelled amino acids as raw materials for

growing algae. These labelled precursor smino acids are likely to be

incorporated into the toxin structure. To test this hypothesis, a

culture of Microcvstis aergjpuo. strain 7820 was provided by Dr.

Carmichael and it is being continuously grown in our laboratories. The

identity of toxic material from this culture was established by

spectroscopy methods involving Past Atom Bombardment Mass Spectroscopy

(FAB-MASS), Gas Chromatography (G.C) and mouse bioassay. At this point

we are ready to begin addition of C-14 labelled precursors to try to

create labelled materials.

Production of synthetically labelled toxin was proposed by utilizing

the free alpha-carboxyl moieties present in glutamic acid and B-methy)

aspartic acid to produce a substitution of 3 for hydrogen in the alpha

carboxyl. Botes (5) utilized a technique to prove isolinkage of these

moieties in the peptide structure which involved a tritium labelling of

C-terminal amino acids. This method was investigated by our research

group to determine its feasibility for producing labelled toxin for

toxicologic investigation.
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MATYRIALS RND METHODS

Isotops

Tritiated water was purchased from New England Nuclear Research

Producto Company, Boston, MA, USA. The specific activity was 1 uCi/ul.

Solvents and Chemicals

All solvents were distilled in glass.

Isotopic Labellint

The peptide toxin (0.1 u mole) was placed in a small test tube and

H20 (5 ul, 5 uCi) and pyridine (10 ul) were added. Acetic anhydride

(10 ul) was then added to the same test tube and the mixture, in a

parafila-sealed tube, was kept at 0°C for 5 minutes. After this 5

minute period, the tube was moved to a room temperature (23 0 C) water

bath for 15 minutes more. Another volume (20 ul), of pyridine was added,

followed by acetic anhydride (20 ul) and the mixture wis again immersed

in an ice water bath at 0 C for 5 minutes followed by a room

temperature water bath for an additional hour. Another tritiated water

aliquot (5 ul) was then added and the mixture immersed in a room

temperature water bath for 1 hour to decompose the excess acetic

anhydride. The solution was then evaporated to dryness. Removal of

exchangeable tritium was accomplished by addition of 10% acetic acid (100

ul) lollowed by evaporation. This addition of acetic acid followed by

evaporation was then repeated 5 times.

RESULTS AND DISCUSSION

The toxin was successfully labelled synthetically by our research group

using tritiated water and purified toxin as precursors. This experiment

utilized the unusual isolinkage of glutamic acid and B-methyl aspartic acid

which results in a free alpha-carboxyl in each moiety that would otherwise be

involved in peptide bonding. This free alpha carboxyl allows tritium
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incorporation by the method of Katsuo (6), which is customarily used to

provide information about the C-terminal amino acid of noncyclic peptides.

Figure 3 shows the synthesis pathway for tritium incorporation and assumes all

reactants except the tritiated water are anhydrous so that as little

extraneous water aso possible is available which can interfere with toxin

labelling.

I.D. STRUCTUU/TOXICITY RELATIONSHIP OF DEHYDROA0INO ACID MOIETY OF PEPTIDE

Andrew M. Dahlem, Ken-Ichi Harada, Carl A. Harvis, Stephen B.

Hooser, Kenneth L. Rinehart, Val R. Beasley

To begin to determine which factors are responsible for the high

toxicity of algal peptide toxins, we have coaducted numerous

investigations into the structure/toxicity relationships of functional

moieties of the hepatotoxins. The structure data on iodulari& toxin

remains incomplete to date, but enough has been established by Dr.

Ken-Ichi Karada and others, here at the University of Illinois, to draw

parallels between this compound and microcystin. Both compounds contain

the unusual twenty carbon Add& group, a dehydro amino acid, and

stereospecific d- isomer amino acids. The Njd1aria toxin has two fewer

amino acid residues than the microcystin anl yet has approximately the

same toxicity.

The first moiety investigated in the peptide hepatotoxin was the

dehydroamino acid. It has been shown that the bioactivity associated

with other naturally occurring peptide molecules is directly ralated to

the presence of dehydroamino acids. The antibiotics nisin and subtillin,

produced by bacteria, contain alpha-beta unsaturated amino acids which

are believed to be essential to their antibiotic activity (7). The toxic

ageuts phomopsins A and B are cyclic hexapeptides produced by the fungus
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!•2u sp.j. leptostromiformis which contain didehydro amino acids and cause

lupinosis in Australia. One working hypothesis for the biological action

of cyclic peptide hepatotoxins contaiuing dehydro amino acids suggests

that the toxins may exert an effact on essential sulfhydryl groups by

reacting across the double bond in their alpha, beta unsaturated amino

acids. For these reasoas, the role of the dehydroamino acid in the

peptide tvxi.-. produced by Nodulariaa sumizens was investigated.

K&WIALS AND METHODS

Purified Ndularia toxin was prepared from algae collected during a

toxic bloom of Nodularia p in Christchurch, New Zealand. Toxin

ras determined to be greater than 95% pure by HPLC and TLC evaluation

before toxicity testing.

All solvents were distilled in glass. All chemicals were of

analytical grade.

Toxin Derivative Formation

The dihydro derivative of Nodularia toxin was formed by

hydrogenation of the dehydroamino acid contained ii the cyclic peptide.

Toxin material (100 mg) was dissolved in methanol (50 ul) and placed in a

test tube. Excess sodium borohydride was added to the test tube slowly.

The test tube then wvs placed at room temperature (230C) for 24 hours

and the solution continuously stirred. Acetic acid was added (200 ul) to

lover the pH to 4, and eliminate the excess sodium borohydride and

thereby stop the reaction. The reaction mixture was then evaporated to

dryness.
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The reaction product was spotted on high performaace silica gel TLC

plates. The elution solvent was chloroform-methanol-water (65:35:10).

This mixture forms two phases and the lover phase (organic) was used. The

toxin derivative was observed under short wave U.V. light and iodine

vapor used as a detection reagent.

MPLC separation of the dehydrosmino acid from the reaction products

was accomplished under reverse phase isocratic conditions with an Altech

C-18 (250 -m x 4.6 mm) column and a mobile phase of 70:30 methanol- .05

percent trifluoracetic acid in water. Detection was by UV absorbence at

254 to.

Confirmation of Structural Alterations

Mass spectral confirmation of the reaction product was accomplished

with fast atom bombardment mass spectroscopy (FAB MASS) on a ZAB-SE 10 kV

mass spectrometer. The product was imbedded in magic bullet matrix ac-'

parent ion of 827 was observed (M + H+ + 2 Rydrogen).

Mouse Bioaspya

The modified toxin then was tested for its toxicologic potential by

IP injection in mice. In this study 37 adult female balb/c mice were

randomly assigned to one of 11 test groups containing 3 mice or to a

control group of 4 animals (Table 1). Animals were injected

intraperitoneally with a saline vehicle, parent toxin, or dihydro-toxin

dissolved in physiologic saline. Mice dosed with parent toxin received

either 25, 50, 100, 200 or 300 ug/kg of toxin to serve as positive

controls. Mice dosed with the vehicle (physiologic saline) alone were

injected with volumes of .25, .50, .75, or 1.0 al to serve as negative

controls. Mice dosed with the dihydro-derivative of Nodularia toxin
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received 100, 200, 300, 400, 500 or 1,000 ug/kg body weight of material

in less than 1.0 al of the vehicle.

Survival times of animals were recorded along with liver and kidney

and whole body weight. Animals which survived 24 hours after toxin

administration were killed by cervical dislocation. Negative control

*2imals were killed at times within the ctudy where numerous toxin

produced deaths were occurring or after 24 hours when toxin-dosed

survivors were killed. The thoracic and abdominal organs, and the brain

were examined grossly. Lungs were inflated via intratracheal

instillation of 10% neutral buffered formalin. Selected tissues

including liver and kidney were fixed by inmereion in 10Z neutral

buffered formalin. These tistoues were then routinely processed, embedded

in paraffin, sectioned at 4 to 6 um and stained with hematoxylin and

eosin.

Results and Discussion

This sodium borohydride reaction selectively caused the addition of

tvo hydrogen atoms across the double bond of the dehydroamino acid of the

cyclic keptide toxin and resulted in a product identical to the starting

material parent toxin except that the dehydroamino acid was now saturated

forming the dihydro-derivative of the toxin. The identity of the

dihydro-derivative was confirmed by FAB-MASS and found to be equal to the

mass of the parent toxin plus two mass units (from the two hydrogen atoms

added).

The dihydro-derivative of the Nodularia toxin was found to be four

times less toxic than the parent toxin. Survivors of the dihydro

Ndularia toxin shoved liver lesions which were grossly and

histologically very different from animals surviving administration of

the parent toxin.
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All nice given doses of unaltered Nodularia toxin equal to or

greater than 100 ug/kg died. Mice given the dihydro-derivative of the

So•dularis toxin did not die until the dose was 500 ug/kg or greater.

Mice which died acutely following exposure in both groups had markedly

enlarged, dark red livers at necropsy. Mice dosed with the

dihydro-derivative toxin and which survived, had liver lesions unlike

those found in the livers of mice dosed with unaltered Modglarig toxin.

On gross examination, the outer portion of the livers of the survivors of

the 400 ug/kg dihydrotoxin group were extremely pale while the inner

portions of the livers were darker than normal. The livers of mice given

100 ug/kg of the dihydrotoxin were normal in color, but friable.

Microscopically, the hepatic lesions in all mice dying from either

the parent or the dihydrotoxin were characterized by severe, extensive

centrilobular, and midzonal disassociation, degeneration, necrosis, and

cell loss involving all regions except for a rim of periportal

hepatocytes 3 to 6 cells wide. Degenerating and necrotic hepatocytes

were separated by large numbers of extravasated red blood cells. Some of

the periportal hepatocytes appeared normal, vhife others showed varying

signs of degeneration. In addition, the livers of mice given the

dihydro-derivative of the Nodularia toxin had extensive subcapsular

hepatocellular necrosis and hemorrhage in peripheral areas that grossly

were pale.

Renal cortical tubules were mildly dilated and contained moderate

amounts of eosinophilic to basophilic granular material. Many

capillaries in the lung contained abundant, oosinophilic, finely granular

to globular material. No effect of vehicle administration was observed

in negative control animals.
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From this experiment it appears that the double bond in the

dehydroamino acid of Nodulari-i toxin plays a significant role in the

toxic action of the Nodulazia toxin. Saturation of the dehydroamino acid

resulted in a shift of the mortality curve to the right as weil as a

change in the lesion observed. It is, howveer, important to note that

vtiile th2 toxicity obviously decreases after hydrogenation, the material

still remains a potent toxin with a LD 5 between 400-500 uglkg.

I.N. Z03MATION AND ASSESSMMN OF HEXAMYRO NODVLARIA TOXIN

The next structure/toxicity experiment vas performed to assess the

toxicologic significance of the ADDA group, already mentioned to be

consistent in cyclic peptide cyanobacterisl toxins.

Materials and Methods

!N.g.1aris toxin was reduced with hydrogen gas and a palladium

catalyst. This reaction causes Zhe addition of sizx total hydrogens to

the Nojulari toxin structure and saturates both the dehydroamino acid

and the double bonds of the hydrophobic tail of the ADUh moiety (Fibure

4). Nice were given the hexahydrotoxin at from 400 to 2,000 ug/kg;

observed for 14 hours and killed by decapitation. Necropsy methods and

tissue processing were described above.

Results

Intraperitoneal administration of this compound failed to produce

mortality in nice at doses up to 2,000 uglkg which is the highest

concentration of material tested to date.

The mice dosed with the highest concentration of this compound had

scattered, small, dark red areas distributed on the surface and

throughout the hepatic parenchyma. Microscopic liver lesions, which were

confined to the dark red areas, were characterized by severe hepatocyte

disassociation, degeneration, and necrosis and severe hmorrhage similar



- 15-

to that described for the unaltered and dihydro-derivative of Nodularia

toxin.

In addition to the double bond of the dehydroamino acid, the ADIIA

group must play a key role in toxic action of the Nodusxi& toxin.

Saturation of reactive sites on the ADDA group decreases the toxicity of

the JNjd]gjjja toxin a~nd changes the lesion observed pathologically.

Additional experiments are planned which will continue to assess

structure-toxicity relationships in both the Nodlari toxin and

aicrocystin.L

1I. NEUROTOXINS FROM BLU1E-<REEN ALGAZ

A. Introductorv Studies on the PuritX. Stability, and4 Purification of

An&toxiDzL(o2

Andrew M. Dahiem. Ken-Ichi Rarada, Nik A. Mahmood, Wayne W. Carmichael

Val R. Beasley '

Introuctio

The cyanobacteria Anabeena j~s-saus. produces potent neurotoxins

both in nature ana in laboratory culture. One toxin produced by Anabaena

is called anatoxin-a(s) and it has been demonstrated to tightly bind andI, '

to inhibit cholinesterase. Anatoxin-a(s) remains structurally

uncharacterized to date and exerts its toxic effects by only partially

understood mechanisms.

Purification of this toxin has been difficult due to the chemical

nature of this compound. The toxin is extremely polar, being charged at

biological pH and has negligible UV absorption. Anatoxin-a(s) shows

limited solubility in polar orgavic solvents and instability has been

reported in several organic solvents by coinvestigators at Wright State

University. Since comparatively little was known about the chemical

r71
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properties of this compound, and in order to document toxin purity,

alternate methods of detection and purification, as well as stability

assessment have been under investigation in our laboratory.

Materials and Methods

Thin La er _Cbromatoiraghv (TcL)

Righ performance silica gel TLC plates with fluorescent

indicator (UV254) were used. Anatoxin-a(O) which was extracted from

algae cells and was evaluated to be greater than 90% pure by HPLC

with U.V. detection prior to analysis. Samples were applied to high

performance TLC plates with glass microcapillary tubes in

concentrations ranging from 0.1 to 25 ug. The plates were placed in

preequilibrated TLC chambers and the retention of resulting material

was observed. A TLC mobile phase of chloroform-methanol-

concentrated ammonium hydroxide (30:30:4) was found to provide

intermediate retention for compounds present in the purified toxin.

Solvents and Chemicals

All solvents were HPLC grade and all chemicals were ACS grade.

Detection

The developed TLC plates were observed with short wave U.V.

light followed by introduction into a glass chamber containing

resublimed iodine. Resulting spots observed were imediately marked

on TLC plates and the purity of the toxin was subjectively evaluated

by comparing toxin amount as estimated by intensity of the spot

resulting from iodine vapor with the spots from other compounds

present. Methanolic sulfuric acid (30% H2 S0 4 in MeOH) was also

used as a spray reagent to visualize non-anatoxin-a(s) contaminants.

With sulfuric acid, plates are preheated at 1200 C to drive off
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iodine then sprAyed with reagent and heated for 5-7 minutes at

1200 C then visualized under long wave U.V. light.

Toxin Extraction

Purified toxin was extracted by the method of Mahmood (9) prior

to TLC purity evaluation or stability assessment. An alternate

method for toxin extraction was developed in our laboratories to

attempt to provide a normal phase purification scheme of the free

base form of the toxin. In this method lyophilized algae cells (1.0

S) are extracted twice with water (100 al) for two hours at room

temperature (21 0 C). The material is centrifuged at 2,000 rpm for

twenty minutes and the supernatant reaoved. Following the second

water extraction both supernatants are combined and evaporated to

dryness in a rotary evaporator. The sample is then transferred to

an 8.0 ml disposable culture tube with water. Sample is placed on a

pee-conditioned (2 al MeOR-2al E20) C-18 Sep-Pak Cartridge (Waters

Associates, Milford, MA) and the residue collected. The cartridge

is then rinsed with 4.0 ml of deionized water and this rinse is also

collected (toxin is not retained on C-18). The loading eluate and

rinse are combined and evaporated to dryness and the residue

reconstituted in 30:30:4 (chloroforu-methanol-concentrated ammonium

hydroxide). The extract is then passed through a Pasteur pipet

lined with glass wool and dry packed with 1 g of flash silica.

Fractions are collected and monitored by the TLC method described

above. Fractions containing toxin are combined and then evaporated

to dryness on a rotary evaporator.

Results and Discussion

Impurities as well as apparent hydrolysis products of anatoxin-a(s)

have been-separated with the TLC method described (Figure 5). The
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solvent system provides intermediate retention of anatoxin-a(s) and good

separation of toxin from other contaminants present. The detection

reagents of iodine vapor and methanolic sulfuric acid are sensitive and

detect a side range of compounds which occur as contaminants in purified

toxin extracts. Iodine vapor has been routinely used to monitor

concentrations of anatoxin-a(s) as low as 0.5 ug and has been the most

sensitive method for monitoring low levels of toxin developed to date.

The breakdown and detoxification of anatoxin-a(s) has been

correlated with an increase in the concentration of the spot labelled B

in Figure 5. This increase in concentration of spot B as determined by

intensity of the spot following iodine vapor exposure has been observed

under numerous conditions, but most notably after storage in the organic

solvents; methanol, ethyl acetate, and acetonitrile.

Spot A was identified as a principal toxic material by passing the

purified toxin in TLC mobile phase through a Pasteur pipet lined with

glass wool and 1 g of flash silica gel. Spot A was isolated from other

compounds present and was injected intraperitoneally in female balb-c

mice. Signs typical of anatoxin-a(s) were observed in mice dosed with

single isolated compound and death occurred at doses as low as 5 ug/kg.

The alternate method of toxin extraction under investigation and

described here has been used to produce mall quantities of purified

toxin. This method is used to extract the toxin in the free base form

and should provide the basis for a normal phase extraction procedure to

provide an alternative to reverse phase toxin extraction. We plan to

continue collaboration in this area with Dr. Ken-Ichi Barsda and his

colleagues at Meijo University in Nagoya, Japan. We hope that soon the

cooperation of our three research groups will yield analytical methods

for extraction and purification of the Anabuna neurotoxins on a scale
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suf ficient for large scale toxicology testing in animals and structural

elucidation of this potent neurotoxin.

B. -Introductory Studies on the Purification of-Anatoxin-a From Anabaena

Flps-Amuse Cells

Another potent neurotouin produced by Ansbjaea flo-sause is the

depolarizing nicotinic alkaloid anatoxin-a. In addition, methods are

available for complete chemical synthesis (10, 11). Anatoxin a has a

strong UV absorption and this method of detection as well as alternate

methods were investigated initially to provide a method for description

of toxin material.

Materials and Methods

Thin Laver Chromato~ral~hv (TLC)

Righ performance silica gel chromatography plates with

fluorescent indicator (UV 254) were used. Anatoxin-a extract was

applied to TLC plates with glass microcapillary tubes. Application

was monitored by absorption, by the extract. of short wave UV light.

The solvent system which has provided optimim separation of toxin

materials is e thy lace tate-me thanol-wa ter-ammonium hydroxide

(170:20:5:3). With this aolvent systes, the anstoxin-a can be

separated from many algae biosolecules and detected with

iodoplatinate (platinic chloride) or Dragendorf's spray reagent.

Many contaminants are separated with the solvent front. The toxin

has an rf of 0.3 by this method.

Toxin ZZtraction

One gram of lyophilized cell material was extracted with 100 ml

of deioniaed water. The extraction solution woe centrifuged at

2.000 rpm for 10 minutes and the supernatant removed. The

kTAMONSM =
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supernatant was extracted with 3 x 50 ml of ethyl acetate at neutral

pH and the ethyl acetate layers were combined and evaporated. The

residue was reconstituted in 0.5 ml of methanol and to 10 ml with

water. The toxin solution was passed through preconditiored C-18

cartridges (SEP PAX) and the eluate collected. The cartridge was

rinsed with (9:1) water-methanol (4 ml) and this extract was

combined with the eluate and evaporated to dryness. The resulting

material was monitored by application of the TLC method described

for anatoxin-a. Toxin purification was accomplished by silica

column chromatography with monitoring of fraction collection by TLC.

Fractions containing toxin only were combined and removed for

further studies. Small quantities of toxin, which are approximately

75Z pure by TLC, have been produced by this method. IPLC with UV

detection should provide a valuable tool for final purification.

Mesults and Discussion

Anatoxin-a is easily detectable by UV absorption or alkaloid

locating TLC spray reagents. To date no purified standard exists for

comparison of toxin containing extracts to pure toxin material. The TLC

methods here should provide a foundation for normal phase toxin

extraction of anatoxin-a.

III. VlTURE ANALYTICAL RESEARC-R AND PRIORITIES

Our first priority is to continue analytical methods development for the

extraction and purific3tion of algal neurotoxins in collaboration vith

researche: at Wright State University and Meijo University. Algae cells are

being continuously produced in culture at Wright State University and, as soon

as rapid and efficient extraction methods for algae neurotoxins can be

acquired and standardixed, we hope to use stored cellular material to rapidly

produce pure neurotoxins in sufficient quantity for large scale toxicologic

studies.



- 21 -

Another priority is to continue to investigate structure-toxicity

relationships of the substituent functional moieties of blue-green algae toxin

by subtle synthetic manipulations. Immediate experiments in this area are

expected to continue vith the two peptide hepatotoxins since they can be

purified and produced in sufficient quantities for evaluation at this time.

A third priority is to continue to develop radiolabelled algae toxins

through biosynthetic and synthetic means. These labelled toxins will permit

development of analytical methods for extraction from biological matrices to

covfiru aimal exposure. The labelled toxins will also be used to

characterize the biological fate of algal toxins in animals.

Other priorities include: the development of screening procedures for

toxic algae other than mouse bioassay and the establishment of methods to

neutralize algae toxins in potable water.

• • ' ' a I I I 32:
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Figure I Microcystin extraction procedure used in the laboratories of Dr.
Wayne W. Carnichael.

1) 1 GM CELLS + 200 ML 53% BUTANOL-20Z HETHANOL-755% WATER
STIR 1-3 RRS. AT 4 DEG C.

CENTRIFUGE 100,000 X G - 1 iR AT 4 DEG C.
REPEAT 3 TIMES WITH CELL PELLET

2) COMB INE SUPERNATANTS
REDUCE VOLUME TO 100-350 ML Bt AIR DRYING

3) SUPERNATANT PASSED THROUGH ANALYTICHEM BOND ELUTE C-18 COLUMN
EL"TE TOXIC FRACTION WITH 3-5 ML 100% MEOC

REPEAT PROCESS 3-4 TIMES (3-4 X)

4) DRY COHI!NED METHANOL EXTRACT WITH NITROGEN
DISSOLVE RESIDUE IN 5 ML WATER

PASS THROUGH 3.0 MICRON MILLIPORE FILTER

5) K-26 FPARMACIA COLUMN (26MM X 80 CM)
WITE 100 GM SEPHADEX G-25
ELMT IN 5% METHANOL WATER

NONITOR AT 240 RM
TOXIN IS FIRST LARGE PEAK 07 THE COLUMN

6) RPLC-ALTEX C-18 9.4MM X 25CM
0.01 AMMONIUM, ACETATE I1¶ 26% ACETONITRILE/WATER

FLOW RATE 3 ML/MIN
MONITOR AT 240 RK

7) LYOPmILIZE TOXIC PEAK
DESALT TOXIN BY RPLC

AS IN STEP 6 - USING 26% ACETONITRILE/WATER

8) STORE TOXIN AT -80°c UNTIL USE
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Figure 2 Modified extraction method for uicrocystin developed at the

University of Illinois and used for Monroe Strain.

1) 1 GM CELLS + 200 ML METHANOL
STIR 1-3 HOURS A~T 210 C

C73TRFUGE AT 3,000 x G FOR 10 MINUTES
R M VE SUPERNATANT

2) EVAPORATE SUPERNATANT IN kOTARY EVA20RATOR TO DLflIESS
REDISSOLVE RESIDUE IN APPROXIMATELY 10 ML OF H2 0

3) RESIDUE PASSED THROUGH PRECONDITIONED ANALYTICHEX BOND ELUTE C-18 COLUMN
C-18 COLUMNI WITH TOXIN RINSED WITH APPROXIMATELY 5 UL OF H2 0

zLUTz TOXIN IN 3 ML OF METHANOL
EVAPORATE HETHANOL IC TOXIN SOLUTION UNDER NITROGEN STREAM

4) SLURRY PACK SILICA GEL COLUMNI WITH CHC 3 :MeOH:H 2 0
65:35:10 (BOTTOM LAYER)

50 GRAMS OF FLASH SILICA IS PACKED INTO 30 CM x 2.55 CM GLASS COLUMN
TOXIN CONTAINING RESIDUE IS DISSOLVED IN COLUMN MOBILE PHASE AND

INTRODUCED INTO COLUMN
TKA TOXIN IS BLUME UNDER ISOCRATIC CONDITIONS AND HUNITORED BY TLC

5) SILICA COLUMN TOXIN CONTAINING FRACTIONS ARE COMBINED AND THE ORGANIC
SOLVENT EVAPORATED

6) RPLC -C-18 -ALTEX 4.6 MM X25 CM
METHANOL: .05% TAI2FLUOROACETIC ACID IN H 0 (70:30)

FLOW RATE - 2.0 ML/MIN, TOXIN ABSORBS 1240 MIN

7) COMBINE FRACTIONS CONTAINING TOXIN

8) DESALT WITH 33RPTOFIX 221B POLYMER AND IRPTOFIX 222B POLYMER
(E. MERCK, DAR.MSTADT, FRG)
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Figure 3 Tritium incorporation into free aipha-carboxyl residues

R R.

112 ------NHCONH-,CH-CONH-CN-C0 1 H

AcNH-CH-CONH.----CONH-C H ok

sa II

AcNH-CH-CO.NH----CONH-CHCONH-C-COJf

R, Hydrysisj R.- uR

n...-CH.'C02 1! . 1I~NACHCO.0ltv H:N-C-C0.I

'u

ME ý I-
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Figure 4 Locations of hydrogen addition in the hydrophobic tail of the ADD&

moiety.

I6 AA C1

3-Aaino-9-methoxy-2 .6 ,8-trimethyl-lO-phenyl deca-4, 6-dienoic acid

XF4
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Tigure 5 Thin layer chromatography of purified anatoxin-a(s) material.

A0

B 0

-al
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Table 1. Comparison of the toxicity of Itodulari~a toxin with its

hydrogenated derivative.

Dosage Survival Time %- Liver Weight1  % Kidney Weight 2

Nodularis, Toxin

25. 1 1,t630 m 3

No. 2 1,626 7i3  .13
No. 3 1#623 sin3. 1.3

No. 1 1,621 324.2 1.3
No. 2 1,613 Min 4.5 1.4
No. 2 1,618 4.5 1.2

NO. 1 224msi 7.7 1.3
no. 2 127 sin 7.9 1.5
No. 3 161mm" 8.1 1.4

NO. 1 63 sin 8.7 1.5
N0. 2 125 sin 7.8 1.6
No. 3 90min 8.0 1.5

NO. 1 89 win 10.2 1.5
No. 2 84 win 8.8 1.5
No. 3 100 min 8.9 1.6

N.1124 sm 3  5.3 1.4
(1 cc saline)

NO. 2 93 si3 4.2 1.3

(.75 cc saline)

No. 3 1,546 sin3  5.2 1.6

(.50 cc "aline)

NO. 4 175 *in 3  4.2 1.4

(.25 cc saline)

1. Liver weight expressed as percentage of souse body weight
2. Kidney weight expressed as percentage of mouse body weight
3. Killed by cervical dislocation
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Table 1, Continued

Dosage Survival Time Z Liver Weight 1  Z Kidney Weight 2

Hydrogenated Nodularia Toxin

No. 1 1,553 a'4 4.0 1.2
No. 2 1,556 43 4.6 1.6
No. 3 1,555 4.5 1.0

NO. 1 1,550 ri 5.8 1.2
No. 2 1,553 4.2 1.1
No. 3 1,549 min 5.4 1.3

No. 2 1,542,3n .1. ii'l,

3O. 1 1,547 min3 6.2 1.5

N.2152anm 3  5.9 1.4
No. 3 1,542 min 5.2 1.4

400 ug/kL3
No. 1 1,545 min 3  6.0 1.2
Io. 2 1,540 . 31 4.5 1.8
No, 3 1,538 Imn 6.4 1.3

NO. 1 177 min 8.7 1.5
No. 2 121 min 8.5 1.7
No. 3 142 min 8.0 1.8

No. 1 138 ain 9.5 1.7
No. 2 191 min 9.0 1.5
go. 3 141 min 8.9 1.7

1. Liver weight expressed as percentage of mouse body weight
2. Kidney weight expressed as percentage of mouse body weight
3. Killed by cervical dislocation
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PRELIMINARY STUDIES WITH CYANOBACTERIAL NEUROTOXINS

Bill Cook, Alan Parker, John Dellinger, Karen Harlin, Gregg Lundeen

1. Introduction

2. Preliminary Studies of Anatoxin-a(s) with Mice
a. Brain Cholinesterase Activity in Mice Dosed vith Anatoxin a(s), A

leurotoxin Produced by the Freshwater Cyanobacteria, Anabaena
1lgjt-auagj NRC 525-17 Compared to Physostigmine, Paraoxon and
Pyridostigmine

b. Preliminary Red :lood Cell (RBC) and Plasma Cholinesterase
Reversibility Study in Mice After Intraperitoneal Injection of
Anatoxin-a(s).

3. Preliminary Studies of Anatouin-a(s) with Rats

4. Preliminary Studies of Anatoxin-a(s) vith Chickens

5. Preliminary Studies of Anatoxin-a(s) with Pigs

6. Field Cases of Anatoxin-a(s)

a. Field Toxicosis in Ducks by Avatoxin-a(s), a Neurotoxin Produced by
the freshwater Cyanobacteria AnabaeAs, fJg ±-aiaae, and Studies with
Algal Bloom Material Containing Anatoxin-a(s) in Mice, Ducks, Pigs,
and Cattle

b. Aaatoxiný-a(s) Yield Toxicosis in Swine

7. Summary

Preliminary studies during the first year were conducted with two

cyanobacterial (Anabaena I1l.oI-ague) neurotoxins anatoxin-a(s), [antx-a(s)]

and anatoxin-(a) [antx-al. The majority of the work wan performed with

anti-a(s), a known cholinesterase inhibitor, and was aimed at characterizing

and evaluating the clinical signs associated with this toxin, determining

parameters and end points needed for-formal studies, and elucidating the

pathophysiologic mechanisms of this toxin.
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The structure of antx-a(*) to date is still unknown, therefore. whole

blue-green algal cellular material a"d algal extracts of increasing purity

have been waed in studies with laboratory animals.

Field cases of anatoxin-a(s), one involving ducks and the other swine,

were diagnosed in Illinois during 1986 by the blue-greer. algae research team

at the University of Illinois. vorking in conjunction with Nik Haboood, Ed

1yde and the algae research team at Wright State U~niversity, Dayton, Ohio.

2. PRELIMINARY STUDIES OF ANATOXIN-A(S)IWITH MICE

a. Brain Cholinesterase Activity in Nice Dosed with AnatoXin-*(o). A

Neurotoxiu Produced by-the Freshwater Cyanob-acteri*. AnbabeenA

Moo-~jouag NRC 525-17 Com2ared to Plwuostigmine. Paraoxon and

ftridostinmine

Introduction

hnatoxin-a(s). a known cholinesterase inhibitor, was evaluated for

possible brain acetlycholinesterase inhibition. The effect of antx-a(s)

on brain cholinecterase activity in nice was compared with that of the

cý..rbamutes physostigmine and pyridostignine, and the organophosphate,

paraoxone

Materilal in41 Xith

Mile, 25-35 gra, Balb/c mice (Sprague Dawley, Indianapolis, IN)

were housed in air-conditioned quarters on a 10 hour dark, 14 hour light

cycle and were provided feed, Wayne Research Animal Diets (Rodent Blox,

Beisi Co., Inc., Peoria, IL), and water ASL libitu.

Groups of 4-7 mice were dosed intraperitoneally (IP) with antz-a(s),

physostigmine (Antilerium, physostignine salicylate, O'Neal, Jones and

Feldman, Inc., St. Louis, NO.) pyridostigmine (Regonal, pyridostigmine

bromide, Organon Inc., West Orange. NJ), paracion (Sigma Chemical Co.,
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St. Louis, MS), and a control solution comprised of distilled deionized

water containing 11 ethanol. Anatoxin-a(s) produced by the method of

Mebmood and Carmichael was obtained from W.W. Carmic'ael (Wright State

10
University, Dayton, ON). Anatouin-a(s) stored at -20 C prior to

use, vas brought into solution for dosing with ethanol such that the

final dosing solution contained less than 11 ethanol. Paraoxon was

stored at a concentration of less than 10 millimlar in dry acetone at

-20 OC prior to use. The final dosing solution of paraoxon contained

less than 1Z acetone. Distilled deionized water was used in diluting all

toxins for dosing. The control solution was administered in volumnes equal

to that administer2d with antx-&(s) on a kilogram weight basis. This

volume vas the maximu administered on a weight basis with any of the

toxins. Doses are shown in Table 1. Injections were made with 1 al

tuberculin syringes having a 25 gauge, 5/8" needle.

One group of mice was dosed with each toxin daily from 9-12:00 AM.

Surviving sic* were killed at 24 hours by cervical dislocation. Five

groups of 4-7 nice were dosed with each toxin, a total of 32 nice with

antx-a(s), 35 nice with pyridostigmine, physostigmine and paraoxon, and

20 nice with the control solution.

The entire brain of mice dying prior to 24 hours or killed at 24

houv#3wa removed. weighed, frozen in liqui.d nitrogen, and stored at

-80 0C until analyzed for cholinesterase activity. Brain tissue was

analyzed for cholinesterase activity by the Modified Elluan Method with

the modification of grinding (Broek Tissue Grinder. Fisher Co., Itasca,

III the en~tire brain in 20 al of 1Z Triton X (Triton X-100. Sigma

Chemical Co., St. Louis, NO). 2Cholinesterase activity was measured on

a Perkin Elmer Landa 3 VT/VIS Spectrophotometer (Parkir. Blmer, Norwalk,

CT).
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Statistical Analysis

Statistical analysis of the data is incomplete.

The doses of toxins, numbers of nice that died at each dose, and

results of brain cholinesterase determinations are presented in Table 1

and 2. Da.a has not been statistically analyzed, however, there appeared

to be no remarkable depression in brain cho1irasterase activity in nice

that died after intraperitoneal injection of antx-a(s) or the peripheral

acting carbamate pyridostigmine. In comparison, the central/peripheral

acting carbamate, physostignine, and the organophosphate, paraoxon did

cause brain cholinesterase depression in nice that died before 24 hours.

Brain cholinesterase activities ýn mice dosed vith anti-a(s),

physostignine or pyridostigmine and killed at 24 hours after injection

did not reveal brain cholinesterase inhibition. In contrast, mice dosed

with paraoxon and killed ar this time did have depression of brain

cholinesterase activity. Clinical signs observed in mice dosed with

antx-a(s) (Table 3) included the parasympathetic signs of thick

salivation, mucoid lacrimation, urination, and either mucus excretion

from the rectum or diarrhea. Nicotinic signs included muscle tremors and

fasciculations. The character of respiration changed in antx-a(s) dosed

nice and was characterized by a sore pronounced respiratory effort with

an increased abdominal component. Mice appeared cyanotic prior to death.

The animals squinted their eyelids shortly after dosing, but with time

squinting disappeared and was replaced in some nice by bulging of the

eyes. Clinical signs in animals injected with antx-a(s) persisted longer

than the clinical signs observed in nice given either of the carbazates.

Decreased movement was generally observed in nice until just prior to J
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death whon clonic seizures occurred. Penile erection was observed at

death with the greatest concentrations of antx-a(s) administered.

Disussion

In mice dying or killed 24 hours postdosing with antx-a(s), no

remarkable depression of brain cholinesterase activity was observed,

s~uggesting that antx-a(s) did not cross the blood brain barrier. In this

regard, antx-a(s) was acting more like the peripheral acting carbanate,

pyridostigmine. However, clinical signs in mice dosed with antz-a(s)

persisted longer than those observed with the carbamates. The time frame

of clinical signs with anti-a(s) was sore similar to that observed with

the organophosphate, paracion. Clinical signs in antx-a(s) dosed mice

were consistent with that of a cholinesterase inhibitor and reflected

stimlation at muscarinic and nicotinic parasympathetic cholinergic

receptors.

b. Preliminar-Y Red Blood Call (liC) and Plasma Cholinesterase

flaversibility Study in Nic~e After IntlRAeritoneal Injection of

Anatouin-a(s). a demonstrated irreversible cholinesterase inhibitor

.Lu vitro was evaluated jj yjia for reversal of cholin~esterase inhibition

in nice. 
3

Materials and Methods

Toxin was provided by W. W. Carmichael,, Wright State University,

Dayton, O8. Fourteen 3dlb/c nice (Harlan Sprague Dawley, Indianapolis,

IN) housed and fed as previously described were injected IP with 200 ug

of anti-a(s)/kg body weight (BW). An equivalent volume of distilled

water containing 11 ethanol served as a control and was injected IP in 3

mice. Anatoxia-a(s) was mized into solution with ethanol such that the
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final dosing solution contained less than I ethanol. Mice vere

decapitated at 30 minutes, 6 hours and 24 hours postinjection. Blood was

collected via a funnel into a 1.9 ul polypropylene micro centrifuge tube

containing 15 ul sodium heparin. A fifty ul sample of RBCs obtained

after blood vas centrifuged at 2,500 RPM for 5 minutes, was lysed vith

1.95 al of 5Z Triton X. One hundred ul of this lysate was brought to 10

ml with phosphate pR 8 buffer, and 3 ml of the final solution was

analyzed for cholinesterase activity by the Modified Ellman Method.

Plasma was analyzed by the Modifided Elluan Method.

Results

Results are presented in Table 4. Mice dosed vith antx-a(s) toxin

exhibited diarrhea and urination after injection. At 30 minutes, plasma

and RBC cholinesterase activities vere approximately 27% and 43Z of

control values, respectively. At 24 hours, plasma cholinesterase

activity was still only 50% of control plasma cholinesterase at 24 hours

wher•as RBC cholinesterase activity had returned to normal.

Mouse plasma cholinesterase appeared sore sensitive to inhibition by

aatx-a(s) than mouse M2C cholinesterase. This pattern of ...4olinesterase

inhibition was similar to that observed with organophosphate compounds.

Plasma and RDC cholinesterase in mice dosed with antx-a(s) vere not

rapidly reversible.

3* PRILIMAILT STUDIES OF ANATOXIN-A(S) MND ANATOZIN-A WIT RATSI

Rats vere dosed orally and intraperitoneally vith blue-green algae

neurotozins to assess the susceptibility of this species to two Ansbaen•

gt• aSj.' . neurotoxins anatoxin-a(s) and anatoxin-a, to characterize

clinical signs by these routes of administration and to evaluate

electroencephalographic alterations (anti-a(s) only).

IN
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Naterials and Methods

Fischer 344 rats (Sprague Dawley, Indianapolis, Indiana) weighing

200-350 grant were gavaged via a 7.6 ca stainless steel gavage needle

with lyophilized Ansabens. flr-wous cells containing antx-a(s) (W.W.

Carmichael, Wright State University, Dayton, Ohio). Rats were dosed at

0.1, 0.5 * 1 .0 sand 2.0 ga of blue-green algae/kg BV. Algae was mixed in

distilled water in final dosing vol~ws of loes than 4.1 al.

One Fisher 344 rat was gavaged via a 7.6 ca stainless steel gavage

needle with 0.5 gm and 2 gm of antx-a lyophilized blue-green algae

cellular material containing anti-a (W.V. Carmichael, Wright State

University, Dayton. Ohio)/kg NV. Lyophilixed algae was mixed in

distilled water with a final dosing volume of 3.7 al.

Two Fisher rats as described above were dosed intrapisritoneally with

lethal doses (1.25-3.4 al) of "amipurilied* anti-a(s). "Semipurified"

antI-a(s) was extracted f'~om lyopbilized al&ae using the method of-

Carmichael and Mahmood * except for omission of ultracentrifugation and

gel filtration steps so that the concentrated, acidified algal extract

was placed directly into C-IS Sep Pak cartridges. In this method, five

grams of cellular material was extracted with 250 ml of ethanol and

brought tap in a final volume of 50 al of deionized water. An

electroencephalograph machine (Grass 7/8 physiographiSEG, Grass

Instrument Co., Quincy, MA) was used to monito'r electrical activity in

the brain of rats.

No clinical signs were observed in rats gavaged with lyophilized

algal cells containing antx-a(s) at any doese. However, "samipurif ied"

anti-a(s) was lethal in ratsa by the IP route, and the clinical signs

observed in these rats are listed in Table 5.
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Ilectroencephaloraphic alterations observed in the brain of one rat

dosed IP with "semipurified" antx-a(s) included crude spike activity that

preceded seizure activity and dysrhythnic activity (slow wave activity)

at tines other than seizures.

Clinical signs observed in the rat dosed with 2 grams of algae

containing antz-a/kg BW consisted of a&taia, muscle tremors, dropping of

the head, recumbency, lack of tail movreent, intermittant hopping

movement due to contractions of the rear legs, dyspnea, head pressing,

and a cool external body temperature.

The rat was resistant to antx-a(s) toxicosis after oral

administration of lyophilized algae. The electroencephalographic

alterations and clinically observed narcotization observed in one rat

after IP administration of algae containing anti-a(s) may indicate a

central effect of antx-a(s) on the brain of the rat. The possibility of

KEG alterations being due to anoxia could not to be ruled out. Rats were

susceptible to toxicosis after oral administration of lyophilized algae

containing antx-a.

4. fMLI)UMARY STUDIES Of ANATOXXN-A(S) WITH CHIPC S

Chickeas were utilized for preliminary evaluation of possible

delayed neurotoxicity with antx-a(s).

Materials and Methods

A 1.2 kg pallet was dosed with 3.0 and 6.0 ul of crude extract of

lyophilized blue-green algae material on consecutive days. A second 2

year old, 2.1 kg white Leghorn laying hen was dosed via a jugular

catheter (21 x 3/4" butterfly infusion set) with 5.0 ml of the extract.

Crude extract was prepared by msiing 1.5 grams of lyophilised algae in 18

7 =;S
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ml of isotonic MaCi. sonication for 10 minutes, centrifugation at 3,000

RPM for 10 minutes and filtration through a 0.45 uM filter. Chickens

where observed daily for signs of delayed neurotoxicity.

The first chicken died within 24 hours of the second dosing in the

acute stage of antx-a(s) toxicosis without tim to possibly develop any

signs of delayed neurotoxicity. Clinical signs observed in the second

chicken after dosing included salivation, diarrhea, muscle trenors,

ataxia, reluctance to move and drooping of the head. Clinical signs

abated by 18 hours postdosing. After dosing this chicken lost weight for

9 consecutive days and did not lay eggs for 18 days. The chicken was

observed for 35 days with no clinical signs of delayed neurotoxicity.

5. PRZLIgZ= S WITH PIGS

Prelininary studies utilized pigs to examine the toxicity, clinical

signs, and possible pathophysiologic uechanims of antx-a(u).

Materials and Methods

Crossbred gilts 12-40 kg (Veterinary Research Farm, University of

Illinois, Urbana) were fed a 16% protein, corn-soybean base diet and

provided water Al libitm prior to dosing studies.

Twelve hours prior to surgical procedures, pigs vere taken off feed.

Animals were anesthetized via inhalation of halothane (Fluothane using a

Fraser larlake Halothane Machine, Ohmeda Co., Orchard Park, NY). Jugular

and carotid catheters (16 gauge Tygon Tubiug, Microbore, A. Daigger and

Co., Chicago, IQ) were inserted via an incision in the left jugular

furrow. Insertion of aortic and left atrial catheters was by surgical

Lacision behind aWd with partial rmloal of the 4th rib.
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Catheter ports were tunneled to subcutaneous sites over the back

where they were later exteriorized on the day of dosing with surgical

excision under lidocaine induced local anesthesia. Anatoxin-a(s) was

administered in successive doses intravenously in 3 pigs. One pig was

dosed with 10 ml of "semipurified" antx-a(s) via the ear vein using a 22

gauge butterfly catheter.

Blood pressure and EEG recordings were made on a Gilson physiograph

(Gilson Electronics, Inc., Middleton, WI). Blood pressure readings were

made with Gould Stathm pressure transducers (Gould Statham Instruments,

Inc., Vato Ray, Puerto Rico). Blood gas determinations on heparinized

blood samples was determined with an IL 813 blood gas machine

(Instrumentation Laboratories, Lexington, MA).

Plasma and brain cbolinesterase activities were determined by the

Modified 9l1man Method. One hundred ul of red blood cells obtained by

centrifuging whole blood EDTA containing at 2,500 RPM for 5 minutes, were

lysed in 1.9 al of 5Z Triton X. Two hundred al of the lysate was brought

to 10 ul with phosphate pH8 buffer, and 3 al of this solution was used

for cholinesterase analysis.

Results

Clinical signs observed during intravenous dosing studies in pigs

are presented in Table 6. Times of dosing, amounts of toxin

administered, RBC and plasma cholinestqrase activities, and blood gas

results are presented in Tables 7 to 9. go marked seizure activity or

evidence of miosis were observed in any pigs. Blood gas changes in

general included increases in pCO2 and marked decreases in p02 and

blood pH. Blood gas changes reflected death due to anoxia.

In general, evaluat-ou of electrocardiograms has not revealed

changes that would be expected with a classic cholinesterase inhibitor,
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except for a mild bradycardia in one pig. Evaluation of

electroencephalograph recordings have revealed no alterations consistent

with a direct affect of antx-a(s) on the brain in 3 swine that died after

successive intravenous doses of antx-a(s). Electromyograph evaluation of

muscle tremors indicated tremors were due to motor unit action potentials

(lower motor neuron origin) and did not apparently originate from the

muscle itself. The SM findings were compatible with those of a

cholinesterase inhibitor.

Blood pressure readings have only been recorded from 1 pig, (Table

9a) but revealed a marked, but temporary increase in pulmonary artery

pressure after toxin administration (Figure 1). A transient decrease (30

sec.) in aortic mean blood pressure occurred simultaneously each time

pulmonary artery pressure increased. A transient tachycardia was

observed coincident with the drop in aortic blood pressure. Pulmonary

arteriolar vasoconstriction is a mechanism that could account for some of

the blood pressure changes.

A 15 kg pig was administered 10 al of "senipurifiad" anti-a(s) via

the ear vein over 10 seconds. The pig died in 18 minutes after

exhibiting ataxia, salivation and tremors. The akin of the pig became

brightly erythematous after dosing suggesting peripheral vasodilation.

Probeble sympathetic stimulation induced by handling made the erythema

disappear. No seizures or clinical signs that could be directly

attributed to central nervous system dysfunction were observed.

Analysis of brain cholinesterase activity in the 4 swine that died

of antx-a(s) have revealed cholinesterase activity within normal ranges.

Progressive, cholinesterase inhibition was observed in plasma and DBC

with successive toxin administration. In general, RBC cholinesterase was

inhibited more than plasma after anti-a(s) administration.

I1
1151,-



- 41 -

Discussui

Neurologit examinations, REG recordings and brain cholinesterase

activity determinations in pigs suggested that antz-a(s) doses not cross

the blood brain barrier in pigs. The cause of death in pigs appears to

be anoxia and acidosis secondary to cholinesterase inhibition and

respiratory paralysis. Recent uork has revealed alterations in pulmonary

artery blood pressur& in 1 pig, and this finding warrants conf irmation in

future studies.
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Table 1. Doses of "semipurifiedu anatoxin-&(s), phyaostignine.
pyridostignine and paraoxon injected intraperitoneally into
.4. -. the number of nice that died before 24 hours and the
no eer of mice dosed.

TxnDose Died before 24 hours/num-ber of mice dosed

Auatoxin-a(s) 275.0 wig/kg 217
228.75 uglkg 317

*232.5 ug/kg 7/7
240.0 wig/kg 5/7

*700.0 wig/kg 4/4

ftyiwostigmine 650.0 wig/kg 117
*700.0 wig/kg 017

725.0 ug/kg 4/7
*750.0 wig/kg 5/7

950.0 wig/kg 717

Pyridostignine 1,150 ug/kg 0/7
31.450 wig/kg 0/7
32,100 wig/kg 3/7
32,150 wig/kg 3/7

2.250 wig/kg 5/7

7araclon 1,000 wig/kg 0/7
1,250 wig/kg 3/7

U1,275 wig/kg 4/7
U1,312 ug/kg 7/7

* 1.375 wig/kg 6/7
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Table 2. Mean brain cholinesterase activities of nice that died prior
to 24 hours or killed at 24 hours of ter intraperitonesl
injection with azaatozin-a(s). physostigoine. pyridostignine
paraoxon or control solution. '

TXNSTATUS CHOLIITESTERASE ACTIVITY

(umlgluin)

Ki illed at 24 hours& Dj.3.4 Killed.

Amatouin-a(s) a-s22 ni-I2 10.59 10.42

Anatouiu"-a(s) n-'4 -9.85 .7

highest dose

Physostignine nu'17 U-1l8 1.87 10.55

Pyridostignine n-li n-24 10.04 10.29

Paraclon n"'20 U-15 0.11 3.81

Control -n""20 - 10.38

mild A



Table 3. Clinical signs categorized by suspected site of action in nice

injected intraperitoneally vith an~atoxin-a(s).

Postganglionic neuroeffector Ganglionic (suspected)
sites

cetylcholive wediated Acetvlchoiine mediated te

~.Muscaric !iepigi. Parasnmathetic

Thick Muscle tremors Penile Atazia
salivation erection

Mucus secretion Muscle fasciculation Decreased
from rectum Movement

Dspnes, Jaw movements

Diarrhea Incr eased abdominal
component to Squinting of
respf ration eyes

Mucus Bulging of

lacrimation eyes

Urination Cyanosis

Clonic
Rectal spbincter seizures
dilation
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Table 4. Reversibility of plasma and red blood tell cholinesterase
activity in nice dosed intraperitoneally vith anatozin-a(s)
and control.

iib. Anatoxin-a a) Control

Choliuesterase* Cholinesterase*

no. of Ihid- Inhi- No. of
Nice llassa bition UC bition Mice Plasma RBC

30 sin n - 4 0.51_+0.15 73 0.26.+0.10 56.7 U - 1 1.85 0.60

6 hours n - 4 0.93_+0.176 50.8 0.46±P.12 23.3 n - 1 2.33 0.56

24 hours a - 6 0.9540.21 49.7 0.60.0.14 0.0 n - 1 1.48 0.50

Average of control nice injected n-3 1.89+ 0.60+
0.35 0.04

*Units in uN/humi

7 ~ ~*



Table 5. Clinical signs in rats after intraperitoneal injection

of lethal doses Of anatoz~in-a(u)

Salivation
Chronodacryorrhea
Naacup discharge from the rectum
Rectal sphincter dilation
Muiscle tremors and fasciculations
Increased respiratory effort
Dyspnea,
Increased abdominal component of respiration
Decreased rectal temperature
Cool external body temperature
Ataxia
Decreased righting ability
Generally decreased movement
Intermittent leaping
Narcosis
Jaw movements prior to death
Cyanosis
Clonic seizures
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Tabl 6.Clinical signs in 3 pigs af ter i-.travenous administration

Tabl 6 *of *senipurified" anatoxiu-a(s).

Narcosis
Salivation
Hucoid nasal discharge
Muscle fasciculations
Muscle tremors
Rectal sphincter dilation
Mucus secretion from rectum
Diarrhea
Ataxia
Bruxism
Increased abdominal component to respiration
Dysapn. a
Decreased nasal capillar~y ref ill time
Nyatagmus
Cyanosis
Respiratory paralysis
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Table 7a. Plasma and RBC cholinesterase activity and blood gas
determinations in a 35.9 kg pig (Pig # 1) after successive
doses of "semipurif jed" anatozin-a( s)

Cholinesterase
(uMI 1/mm)

Tim (win) Dose (al) Plasma Percent RBC Percent
Inhibition Inhibition

Predos.: 0 0 0.343 0.0 2.68 0.0
0 0.5--

15 2.0-
30 4.0---
45 4.0 --

47 -0.095 72.3 0.65 62.7
60 8.0 --

75 -0.098 71.4 0.037 98.6
77 -0.086 74.9 0.098 96.3

Table 7b. Blood gas determination, in a 35.9 kg pig (Pig # 1)
after successive doses of "sesipurified" anatoxin-a(s)

Tim. (sin) PH C2 P 2  a1ct Rb Temp (CO

pre~dose: 0 7.448 36.1 99.7 35 11 40.0
47 7.441 33.1 99.4 30 10 40.0
75 7.416 38.1 90.87 37 12 40.0
77 7.259 34.4 80.4 41 12.5 40.0
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table S. Plasma and RSC cholinesteras* activities and blood gas values
of a 12.27 kg pig (Pig #2) af ter successive doses of
3seipurified" anatozln-a(G).

Toxin (ml) Tim (hr).~j Blo Gsolinesterase
(as Hg) (UM/Lhuin)

DR DCO 2 D02 TSWD flasma- ZlIch, RBC nh
A 7.48 32.8 82.7 39.5 0.306 2.12

0 predose V 7.44 36.9 35.9

A 7.5 27.4 90.7 39.9
0.33 0 V 7.4 30.9 33.4--

A 7.5 30.1 88.? 40.2 0.282 7.8 1.67 21.2
0.233 0.5 V 7.4 35.0 36.4

A 7.5 27.3 87.1 40.1 0.245 19.9 1.61 21.2
0.33 1.0 V 7.4 38.6 37.9

A 7.5 34.0 76.8 40.0 0.221 27.8 1.23 42.0
0.33 1.5 V 7.4 37.0 31.7

A 7.5 29.2 88.7 40.1 0.172 43.8 .65 69.3
0.33 2.0 V 7.4 37.6 36.4

A 7.5 33.7 91.4 -40. 0.110 64.1 .36 83.0
0.66 2.5 V 7.4 35.6 34.9

A 7.4 35.7 84.2 40.3 0.086 71.9 .17 92.0
0.66 3.0 V 7.4 38.6 34.9

A7.5 31.5 86.7 40.3 0.049 84.0 .04 98.11
0.66 3.5 V 7.4 36.0 32.7

A 7.5 32.3 85.8 40.5 0.025 91.8 0 100
0.66 4.0 V 7.4 40.2 29.3

A 7.4 36.2 67.6 40.8 0.025 91.8 0 100
0.66 4.5 V 7.4 40.2 33.4

A 7.3 46.6 36.5 40.8 0.025 91.8 0 100
4.8 V 7.1 58.0 15.2

A 7.1 49.0 38.5 41.0 0.025 91.8 0 100
0.66 5.0 V 7.0 60.3 3.9

A 6.8 83.9 25.6 41.0 0.025 91.8 0 100
5.2 V 6.8 83.1 6.8

Total toxi~n A - Arterial lInh. - Perceut Inhibition
-5.66.1 V -VgoAtWU- - Not determined

* -(C

-7,
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Table 9a. Left &trial, aortic, and pulmonary artery mean blood
pressure, and heart rate in a 20 kg pig (# 3) administered
successive doses of sesipurified anatoxin-a(s)

Time Route* Time of Mean-Blood Pressure (lmmuz) Heart Rate
Dosed and Measurement Left Atrial Aortic Pulmonary Art. (Beats/minute)

Dose

* Fredose 8 106 22 150

0 A 0-5 min postdose 8 50 44 168

30 sin, 1 0-5 sin predose 8 112 22 108
0-5 min postdose 10 54 60 200

60 si, C 0-5smiupredose 10 110 22 108
0-5 sin postdose 10 90 32 120

90. sI, C 0-5 sin predcse 8 110 23 120
0-5 sin postdose 8 70 45 140

120 in, C 0-5 min predose a 104 24-
0-5min postdose 15 50 40-

*Aa Pulmonary artery injection of 1 ul of *semipurified" anatoxin-a(s) over 5
second$.

I - Left atrium injection of 1 al of Ismipurified" anatouin-a(s) over 5
seconds.

C - Left atrium injection of 1 al of T*seaipurifiedw anstoxin-a(s) over 1
minute.

Total toxin administered -5.0 al

L- ... .. .



Table Sb. Plasma, and IBC cbolinesterase determinations, blood
gas and blood pH of a pig (# 3) admiznistoerd
succe ssive doses of "sesipurif ied* ana toxin-a(s)

Cholinesterase Arterial blood BlodP
(UN/humi) Gases (R;I

* V4

Predose 0.27 0.0 1.81 0.0 40.7 93.8 7.4
0.5 hr. 0.14 48.1 0.72 60.2 37.7 94.7 7.4
1 hr. 0.09 66.7 0.61 66.3 36.0 94.7 7.4
1.5 hr. 0.06 77.8 0.06 %6.7 36.2 94.4 7.4
1.75 hr. - --- 38.4 81.6 7.4
1.0 6r 0.06 77.8 0.03 98.3 41.7 78.9 7.4
2.1 hr. - --- 39.4 55.2 7.3

Sot run
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6. YEELD CASES OF AATO=I-A(S)

a. Field Toxicosis in Ducks due to hnatozin-a&(s), a Neurotoxin Produced by

the Freshwater Cvanobaiterir Anabaena flos-agua.. and Studies with Algal

Blocs Material Containing Anatoxin-a(s)-in Mice.-Ducks, Pists. and Cattle

Intrducion

Toxic freshwater blue--green algae (cyanobacteria) are found world

wide. The mst comuIIIIIIIIoly reported genera of blue-green algae associated

with toxic blooms have been hAknsbc Mierjeytis., and hnhanizocienon

Qgjj.atori. Toxins from these algae have been responsible for

tozicoses in domestic and wild animals in several areas of the world.

Toxins of freshwater blue-green algae have been identified as

uewrotozinss hepatotoxins, and toxins causing gastroenteritis and

dermatitis. Structurally. these toxins are alkaloids. polypeptides or

pteridines that have been partially or completely identified.

leurotoxins have been isolated from strains of the freshwater

blue-green algae h~aehna. floe2-aguae and Ahghnizomenon flous±aa. Known

alkaloid neurotoxins produced by Aphbnizonenon referred to as

Aph-nitoxins I and II are identical to neosaxitoxin and saxitoxin

respectively. Anabaea. flou-msau is believed to produce four to six

physiologically distinct neurotoxins, termed anatoxins, which have been

designated as anatoxins (sutz) at b. c. d. &Ws and b(s). Designations

were based on opisthrotounus salivation and survival time. Acc')rding to

this designation, antz-e(s) and b(s) caused clinical signs similar to

those of satz-a and ants: b, but also caused salivation in laboratory

animals. and were therefore designated with the "a".

Only antx-s, an alkaloid, has been characterized structurally.

Amatozimia and &as) have had their physiologic effects studied.

Avatoximal io a potent irreversible nicotinic agonist that causes

1111 11. iýJl l ll l1111111
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postaynaptic neuromucular blockade by reacting specifically with the

acetylcholine postsynaptic receptor, and may also have presynaptic

activity accounting f or an observed increase in presynaptic miniature end

plate potentials. Anatouin-a(s) is an *irreversible acetylcholinesterase

inhibitor" that produces excessive cholinergic stimulation. Awba-en.

flo iagi clone IRC-52.5-17, isolated from a bloom in Auf falo Pound,

Sakatchinvsn, Canada in 1965 has been the sole source of algal material

containing anti-als for research in mice, rats and chickens. The bloom

composition was 90% A~b~e= f lo-aa and 102 ApbaizmeRM flot-aguae.

Over twenty dogs and a few calves were reported to have been poisoned

during 1960-1970 and 1965, respectively, by blooms. in this lake. The

preseant report describes the clinical signs. conditions, and confirmation

of a natural outbreak of Ahabaen f lo.-~aouae [antz-a(s)I toxicosis in

ducks in Illinois, and experimental dosirg studies with toxic bloom

material in milice, ducks, cattle, and pigs.

cast Description

Sudden death in 5 Muscovy ducks, and clinical signs of severe

ataxia, frequent sternal and lateral recumbency, and wing paralysis in

two other Muscovy ducks were associated with a blue-green algal bloom in

east-central Illinois. Death and clinical signs occurred over 5 days in

late July, 1986. Ducks were found dead in the water of a small farm pond

em, mornaings af ter they were observed to be normal the night before.

biliitially, one morning, four ducks were found dead after a mild rain

starm the night before. All four of these ducks and a water sample were

sumbitted to the University of Illinois Veterinary Diagnostic Laboratory

(UI-YDL) at Urbana. A f if th duck was found dead in the pond 2 days

later. At this time clinical signs were observed in I other ducks, one

of which weal immediately submit ted to the UI-VDL for neicropsy along with

- - - - - -- - - - 'N '



-56-

a second water sample. The other duck recovered and was clinically

normal after 60 hours.

Nineteen ducks, 15 Muscovies and 4 Mallards had utilized this pond.

Twelve Muscovy ducks and one Mallard had hatched this year and vere 5

months old. Only younger Muscovy ducks were affected. Most ducks vere

rmoved from the pond after the initial death loss. One Muscovy duck

that remained on the pond for 4 days afterwards showed no clinical signs.

Two horses were not affected that drank from the pond 12 hours before the

first ducks were found dead. No deaths were observed in frogs sviming

in the pond during the algal bloom.

Green algae was observed in the pond for 1-2 weeks prior to deaths

and, when deaths had occurred, wind had concentrated surface algae

against the shore. Water in the pond was observed to turn blue after

deaths occurred. The pond van constructed 3 years ago and was 7.3 meters

deep and only 15 meters in diameter. A drain designed to carry runoff

from an adjacent field emptied into the pond.

Ristopathologic examination was conducted on tissues from 5

necropsied ducks. Brain cholinesterase activities were determined on the

brain tissue of 1 duck found dead on the farm and I clinically affected

duck submitted live for necropsy.

Algal bloom material was collected 5 days after the initial death

loss in the ducks, concentrated by filtration through cheese cloth and

refrigerated at 40 C in a gauze covered 22 liter bottle for future

desist studies.

Naterials and PAthods

Six, 6 month old, 2-3 kg Muscovy ducks from a different farm were

boused in a 4 a u 4 u stall, fed 0.5 kg of Purina Duck Chow (Growe" L

Duck Cbmo, Purisa Co., St. Louis, NO) twice daily and provided water ad
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libitum. Your birds were dosed with 22 al of concentrated alga. per kg

51. Two birds serving as controls were dosed at 22 &1 of distilled

water/kg body weight. Ducks were dosed at 0, 24, 48, 72 and 75 hours by

intracrop intubation with a 10 French, 36 cm polypropylene catheter

(Sovereign. Nonoject, St. Louis, NO) 63103) and a 50 cc syringe. Prior to

dosing and again shortly before death, birds were bled via the wing vein

using a heparinized 1 cc tuberculin syringe and a 26 gauge, 5/8' needle.

A seventh 6 month old, 2-3 kg Muscovy duck from the affected farm had

been dosed at 22 al of concentrated algae/kg IV at 0, 24,48, 72 and 98

hours. Plasma was analyzed for cholinesterase activity by the Modified

111man Method. Ducks surviving 78 hours were killed by decapitation and

ezsagngination. Brain. lung and breast muscle tissue were analyzed by

the Modified El~men Method.

A1.ae Identification. Toxin Isolation. Mouse Sioassay (Fright State).

Prior to dosing studies. algae was sent to Wright Etate University

for light sand scanning electron microscopic algae identification, high

pressure liquid chromatographic (IPLC) analysis (Beckman 340 VPLC). mouse

LID 0 bioassay estimation os UPLC purified antx-&(s), and J1, vitro

cholinesterase analysis. Righ pressure liquid c~rosatographic analysis

was done on an Altex C3 Column (4.9 -m z 0.15 cm) 80/20 (10mi

El4Cb3COO/umN Ch3COCK at 1.5 ml/i/mm 230 lauba at 0.10 OD)). The 2

hoer LD5 determination was made an 5 groups of 5 mice (ICR Swiss. 19 ±1

I gres) with a constant 1? injection volume of 0.5 al at doses of 25, 50.

100 and 2I0 ag of smtz-a(s)/kg body weight (10). A second algae sample

was seat to Wright State University for additional mesae toxicity testing

after these dosing studies to determine if any significant change in

toxicity bad occurred over the course of the studies. Assessmeent of I&,



-58 -

Szinhibition of electric eel acetycholinesterase (Sigma Chemical Co.,

St. Louis, NO) was assayed by the Modified Ellman Method. Algae was

analyzed for organophosphates and carbamates by gas liquid

chromatography.

Repeated Oral Dosing of Mice (UM).

Male Swiss Webster mice (Sprague Dawley, Indianapolis, Indiana)

weighing 38 ± 4 grams were gavaged daily with 20 ul of concentrated

blue-gr2en algae at 22ml/kg BW for 5 days and decapitated 3 hours after

the last dosing. Whole blood, plasma, RBC, lung and diaphragm

cbolinesterase activities were determined. Whole blood and plasma

cholinesterase activities were analyzed by the Modified Ellman Method.
4

Fifty ul of RBC, obtained after centrifuging blood at 2,500 RPM for 5

minutes, was lysed with 0.95 .l of 5Z Triton X. One hundred ul of this

lysate was brought to 10 1l with phosphate pH 8 buffer, and 3 ml of this

solution was analyzed for cholinesterase activity by the Modified Elluan

Method. Changes in the Modified Elnan Method for analysis of lung and

diaphragm included using entire organs, grinding tissues in 10 and 5 ml

of phosphate pH 8 buffer respectively, centrifugation at 2,000 RPM for 10

ainutes, and addition of 100 ul of supernatant to 2.5 ul of phosphate pH

8 buffer for analysis.

Mouse Jntra2eritoneal Bioassa (0I).

Four male Swiss Webster mice (36.0 t I gi) were injected

* intraperitoneally (IP) via a 25 gauge 5/8" needle with 0.25, 0.5 or 1.0

al of an extract of pond water containing antx a-(s) or 1.0 ml of water

for a control. The extract was a supernatant from pond water containing

&alSa that was frozen for 12 hours, thawed, and centrifuged at 10,000 RPM

for 10 minutes. Survival time, liver and kidney as a percent of body

weight and brain, lung, diaphragm, whole blood and plasu cholinesterase
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activities were determined. Four nice (26 + 2.5 SOn were injected with

either 0.05 al, 0.125 al, 0.2 sil of the extract or 0.2 al water for a

control and decapitatetil just prior to death (10-15 minutes after dosing).

Whole blood and plasma cholinestearse activity. and liver and kidney

weights as a percent of body weight were determined.

Intraraumzal Administration to a Calf

A 145 kg. 4 sonth old rzminating crossbred beef steer vas housed in

a 5 a x 5 a box stzll, fed alfalfa hay twice daily and provided water ad4

31IS prior to dosing. Carotid and jugular catheters (16 gauge Tygon

Tubing. Microbore, A. Daigger and Co..* Chicago, WL were inserted via an

incision in the left jugular furrow under glycerol guiacolate. xylszine

and ketamine anesthesia. Catheter ports were tonneled subcutaneously and

exteriorized the first day of dosing under local lidocaine anesthesia.

The steer was held off feed and all bedding was removed from 12 hours

prior to the first intraruminal dosing until 24 hours after the second

intraruminal dosing. The steer was dosed using a stomach tube and bilge

pump with 22 al of concentrated algal material/kg SW followed 24 hours

later by 35 al of concentrated algae/kg IV. Forty-eight hours after the

second intraruminal do"e the steer was dosed intraperitoneally with 300

all of algae supernatant. Extract was supernatant from concentrated algae

frozen for 12 hours and centrifuged at 15,000 1PN for 10 minutes.

Intraperitoneal injection was made via the left peralumber fossa with a

12 gauge trocar under local lidocaina anesthesia. The steer was redosed

intraperitoneally 35 minutes later with 250 al of supernatant. EDTA blood

was spun at 2,500 RPM for 5 minutes for plasma and REC cholinesterase

activities. Plasma cholinesterase activity was analyzed by the Modified

Zilman Method. led blood cell cholinesterase activity was determined by

lysing 100 al of IBC in 1.9 ml of 5Z Triton 1, diluting 200 al of the

- L
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lysate to 10 %,1 with pbosphate p1f 8 buf fer and using 3 ml for assay in a

Lauda 3 UT/VIS spectrophotometer (Parkin Bluer. Norwalk, CT). Brain,

lung and diaphragm tissue for cholinesterase activities were frozen in[

liquid nitrogen and ground in a Waring blender. Two hundred ug samples

of tissues were analysed for cholinesterase activity by the Modified

111me Method. Lung, diaphragm and brain cholinesterase activities were

compared with historical controls.

Intragastric AdministrAtion to ~ftin.

Three 14-17.5 kg swine were fed a 16Z protein, corn soybean diet

twice daily and water ad libitum. Pigs were administered a preanesthetic

doese of atropine and anesthetized with halothane (fluothane using a

Fraser tarlaka Anesthetic Machine, Obmda Co., Orchard Park, NY) for

surgical placement of carotid and jugular catheters (16 gauge Tygon

Tubing, Microbare, A. Daigger and Co., Chicago, IL) by an incision over

the left jugular furrow. Catheter ports were tunneled to a subcutaneous

site over the back where they were exteriorized on the day of dosing by

suraical excision uner lidocaine& induced local anesthesia. All pigs were

held of f feed for 12 hours prior to dosing. Two pigs were gavaged via

stomach tube with 22 al of concentrated blue-green algal material/kg BV.

A third pig served as a control and was gavaged with 22 ml of distilled

water/kg DV. The stoach tube in each pig was flushed jjL iijJ with 50 al

of distilled water after dosing.

Blood gases were determined on a IL 813 Blood Gas Machine

(lastru-entation Laboratories, Lexington, MA).* Blood, plasma, lIC, lung,

brain and diaphragm cholinesterase activities were analyzed as described

for the steer above.

One of the pigs given the algae was treated with 0.5 mg of atropine

[ (Atropine sulphate, Professional Veterinary Laboratories, Minneapolis,



WASI S1 (114 WV and 3/4 DO]., and 2.2 go of activated charcoal

(Supercher-Vet, Gulf Biosystmas, Inc.,* Dallas, TX) 1kg BW intragastrically

by stomach tube when clinical signs (salivation) were observed. The

control pig was killed by electrocution and exsanguination at the time

that the nov-treated algae dosed pig died.

Brain. lung, liver, kidney, diaphragm or breast maci.l, spleen,

pascreass, heart adrenal.* and gastrointestinal tissues of ducks, the calf

and pigs were taken at necropsy, fixed in 10% buffered formalin, stained

with hmastoxylin and eosin and sectioned at 6 microns for histopathologic

examination.

Dosed Ducks 0Ul).

Clinical signs observed in orally dosed ducks are presented in Table

1. fo siosis was observed. Ducks could appear relatively normal until

stressed at which time some wold become ataxic, recumbent, and have leg

end wing paresis or tonic seizures. Ducks sought out and drank water

after dosing. Three ducks died; one died after the second dose. one

after che fourth dose and one after the fifth dose. Plasma

cholinesterase activity was inhibited just prior to death of ducks

compared to predoeing levels (Table 2). Cholinesterase determinations on

lung and diaphragm tissue revealed cholinesterase depression, but brain

cholinesterase activity did not appear inhibited.

Results from Wright State,

Algas was identified by light microscopic and scanning electron

microscopy as hubjens flou-auu. High pressure liquid chromatographic

examtination of algae extracts revealed a compound with the same retention

time as a standard of anti-a(s) (Figure 1). The LD50 of HPLC purified

sant-a(s) was between 25 and 50 ug of antz-a(s) per kg AV in mice. The

%r I #.11: p..



toxicity was similar to that observed for antx-&Ws previously obtained.

Nice in the LD 5 study displayed salivation. lacrination, urination.

muscle fasciculationa, respiratory distress and convulsions. House

bioassay revealed no remarkable change in the toxicity of algal material

over the course of dosing studies. IL. X1J= electric eel cholinesterase

"esay of toxin. revealed cholinaster~aa depression comperable to that

observed with standards of anti-a(s) (Table 3).

Results from U1

Doses, organ weights and tissue cholinesterase determinations from

oral and IP dosing studies in mice are presented in tables 4-6.* Nice

dosed orally demonstrated no clinical signs of anti-a(s) toxicosis, and

whole blood, UBC, plasma, lung and diaphragm cholinesterase activities in

these mice were not inhibited when compared to controls. Intraperito-

neally injected nice had clinical signs of salivation, mucoid

lacrimation. diarrhea and clonic convulsions. Whole blood, plasma, UBC,

lung and diaphragm cholinesterase in IP dosed mice were inhibited as

compared to controls.

Time of dosing and results of cholinesterase assays in the steer are

presented in Table 7.. No clinical signs or depression of whole blod

plasma or 13C cholinesterase were observed after intraruminal

administration of algae. Rapid inhibition of whole blood, plasma and R3C

cholinesterase, and clinical signs of salivation, tremors, dyspnea.

recumbency ead cyanosis ware observed after parenteral administration of

the algae extract. The steer died 75 minutes after the initial

injection. No miosis or seisures were observed. Carotid and jugular

blood pressure recordings did not reveal remarkable changes until the

steew was recumbent and moribund. Postmortem examination revealed that

the first 1P injection had gone at least partially retroperitoneal.



Tissue cholinesterase determinations revealed normal brain cholinesterase

activity. buc depressed lung and diaphragm cholinestera.. activities.

The nontreate algae-dosed pig developed clinical signs within 30

minutes. Thick salivation and sucoid nasal discharge comprised the

initial clinical signs followed by bruxism, miscl tremors. muscle

as~ciculatious, intermittent vomiting, defecation. urination, ?.oor dorsal

struggli.ng and death at 1 hr and 22 a" after dosing. go niosis was

observed. Arterial blood P0
2 and blood pR decreased and whole blood,

pIslllla and RIC cholinesterase activities were inhibited (Table 8).

Postmortem lung and diaphragm cholinesterase activity were inhibited

compared to controls, but brain cholinesterase activity was not (Table

9). Postmortem examination revealed a 1.5 z 1.5 cm bulla in the dorsal.

diaphragmatic surface of the lung.

The control pig developed so clinical signs after dosing and was

killed and mescropsied at 1.5 hours postdosing. The treated algae dosed

pig bad experienced marked salivation at 19 minutes postdosing. Atropine

and activated cha :coal were administered at this ties. Thereafter.

salivation immediately ceased, but pronounced muscle fasciculations

developed and persisted. Atropine v~s administered 2 more times over the

next 12 hours when salivation return"d. The pig never became dyspucic.

Blood arterial P0
2 never dropped below 70 and blood pR never vent below

7.40, therefore, there appeared to be so signiicant respiratory

comnpromise in this pig. Whole blood, plasma. a&M IC cholinesterase

activity progressively decreased after dosing anda reached loes thkan 101

of predose values within 1 hour (Table 10). Whole blood, plasmas and IBC

cholizesteraae activities were still markedly depressed at 72 hours when

the pig was killed. Postmortem brain, lung, and diaphragm cholinesterase
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determinations, when compared to the control pig. suggested lung and

diaphragms cbolinesterase inhibition. bet not brain cholinesterase

inhibition (Table 9). Postmortin easmination revealed charcoal to be

still present in the spiral colon and colos.

The blue-gre algae identif ied in the case was hAabuna LI~az-Mn±.

Strains of this organism Uawe bees associated with previous f ield

toxicoses and have been used Is culture work to produce anti-a(s). High '

pressure liquid chromatography revealed a compound with the sane

retention timen as antz-a(s). la addition, the evaluation of animals

naturally exposed or dosed with either the algal cells toxin from the

cells, and in vitro cholinesterase assays, revealed findings compatible

with the effects of the cholinesterase inhibitor ants-a(s). Since the

structure of anti-a(s) bas not been detezmined. the toxin in this case

cannot be said to be identical to the aati.-a(s) toxin produced in the

laboratory by the Auabakss fo-ajgg. clone IMC-525-17.

Profuse salivation and urinatiou/defecation appeared to cause the

ducks to seek out and drink considerable volum~es of water af ter dosing.

In nature this woId probably result in cycles of further consumnption of

water containing toxin with increasingly "evere toxicosis resulting in

death. losever. drinking of son-contsminated water sight result in less

severe, toxicosis by dilution of toxin, or aiding removal of toxin through

regurgitation or defecation. Death of bird~s after multiple doses woutd

suggest that tomicosis can be cinalative on a daily basis. This study

confirmed that anti-a(s) toxicosis occurs in avian species. and is

consistent with most evidence suggesting that most field cases of

ants-a(s) involve water fowl.



The pig appeared to be the soot .ckaitive of the animals dosed

Lattragastrically in this study with concentrated algae contaiving

anti-a(s). Animal. appeared to die from anoxia and acidosis secondary to

cbolinesterase inhibition and respiratory paralysis. Atropiiue and

activated charcoal appeared to be lifesaving in one pig administered a

lethal doss of toxic algae. In this pig. ubwle blood. plasma and DEC

ebolizesterase activity were, severely inhibited to levels observed with

death in the nono-treated. pig.

Anatoxin-a(s) appeared to be acting as a peripheral cholinesterase

inhibitor due to lack of cental nervous system signs and lack of

ramarkable brain cholizestersae depression in algal dosed aninals.

Cases of anti-a(s) toxicosis in wildlife and other domestic animals

could be more commo than previously believed dues to rapid death of

animals, the absence of methods to detect the toxins and the apparent

used to confirm peripheral cholinesterasa depression in the tissues of

the affected animals.



Table 1.* Clinical signs observed in ducks after successive daily
crop iutubation with *IS&* bloom material containing
amatoxin-a(s).

Thick and profuse saliva ,tion

Regurgitation of algae L
Diarrhealurination
Mosel* tremors
Depres sion
"Squiatilgo Of e70s

Folydipsia
Vascular dilation of vessels in webbed feet
3yspsea with open mouth breathing
Recumbency
Wing and leg paresis
Opisthotouns
Seizures (intermittent-tonic) just prior to death



Table 2. Plasma, brain, lung anM breast muscle cholinesterate activities
is docks after 6ejccessive intracrop administration of
eaatozin-a(e) and brain cbolinesterase activity iu dead or
clinically affected ducks from the field

71cM (NWIl/nin) Tisasue (UN/z/ Statu
Are" t

Premose Prior to Death bra"n LUg Usscle

1. 0.22 0.025 12.70 0.48 3.102 Terminated
(moderate
signs)

2. 0.17 <0.025 12.75 0.20 0.09 Died
(2nd dose)

3. 0.27 0.26 12.73 0.78 0.27 Control

4. 0.29 0.27 12.92 0.78 0.36 Control

S. 0.26 (0.025 12.08 0.25 0.09 Died
(5th do"e)

6. 0.29 0.05 12.98 0.37 0.115 Terminated

7. 0.23 -CO.025 13.00 0.14 0.9 (mild*sins
(4th do"e)

8. - -12.70 -- Field 4aath**

9. -- 12.57 -- Field case
(amderate
signs)'

Omoderate signs present at submission and when killed

"*duck from affected farm
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Table 3

In vitro inhi'ition of electric eel acetylcholifnsterase by UPLC purified

anatoxin-a(s) from the Tolono, Illinois field case.

Treatment- AA.a/minO Percent Activit'J

Control- 0.434 (0.006) 100

2 x 10- ug/ul 0.242 (0.07) 15.

4 x 10-* ug/ul 0.184 (0.07) 42

1 x 10-1 ug/ul 0.156 (0.09, 36

4 x 10-3 ug/ul 0.000 (0.000) 0

1 x 10-2 ug/ul 0.000 (0.000)8 0

enzyme and toxin are incubated for oIe minute be 5 ore assay
b values reported as Mean (SEM)

control containe enzyme, substrate, indicator but n.a tcxin
& average of three experiments, all others are average of

four experiments



Table 4. Whole blood, plasmat 13C, brain, lung and diaphrazu
cholinesterase activities in a-ice dosed orally (22
.11kS body weight) with concentrated blue-green algae
material containing ama toxin-a(s) produced by husakuna
LIg-agusj fromt a pond in Tolono, Illinois

Cholinestgrase

Nolae Do" Ihol blood RBC Plasma Brain Lung Diaphragm .~

1 22 al algae/kg IV 1.36 2.94 1.98 11.5 0.80 1.05?

2 1.18 2.21 1.230 12.2 0.89 0.89

3 1.23 2.21 1.25 12.3 0.97 0.98

4 22.al water (control)/ 1.14 2.64 1.20 13.7 1.00 1.15%
kg IV .

5 U1.17 2.20 1.78 14.8 1.06 0.85
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Table S. Tissu cholinesterase, and liver weights as & percent of
body weight in sice (36.0 + 1 gram) injected
jutraperitomeally with an extract of blue-green algae pond
water containing anti-a(s) submitted to the University of
Illinois Diagnostic Lab

Mose no. Do"e Tie Liver Tissue Cholineaterase
surviving 2 (UN/glumn)
(minutes) Wydveight Brain LI&= Diaphran

Control 1.0 a' '20 killed 0.051 12.73 0.80 1.86
(75 sin)

1 1.0 al Extract 5 min. 0.063 15.19 0.14 0.18

2 0.5 al Extract 6 win. 0.059 15.02 0.25 0.55

3 0.25 al Extract 14.5 wan. 0.070 11.58 0.08 0.28

Average Values for Nice 0.064 14.31 0.16 0.34
Dosed with Toxin
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Table 6. hbole blood and plamia cholinesteraes im mice (26 ± 2.5 g8)
dosed intraperitoueally with an extract of blue-green algae
poad water containing anatoxin-a(s) and decapitated just prior
to death (10-15 uinutes after dosing)

Cholinesterase
Kidney Liver '(uNl/ sin)

House ]Io. Dose I Bodvveight I Modvwniht Whole Blood Plasm

Control 0.2 al 120 0.018 0.052 1.75 2.54

1 0.2 l Extract 0.02 0.056 <0.025 0.057

2 0.125 al Extract 0.017 0.058 -0.025 0.036

3 0.05 al Extract 0.018 0.059 <0.025 0.11

Mean Values for Mi.e 0.018 0.057 <0.025 0.07
Dosed with Extract

pi'
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Table 7. Cholinesterase activities of whole blood, plasma, RBC, brain,
lung and diaphragm and blood gases in a steer dosed
intraruminally and parenterally with algae bloom material
containing antx-a(s).

IIITRARUMINAL DOSINIG
Cholinesterase (mIM/l/min)S•Whole Blood R

Predose 1.58 0.12 2.83

Dose 1

1 hour 1.48 0.11 2.92
2 hours 1.52 0.098 2.92
24 hours 1.60 0.12 2.83

Done 2 (24 hours)

26 hours 1.62 0.14 2.67
36 hours 1.66 0.15 2.80
48 hours 1.82 0.14 2.83
72 hours 1.69 0.12 2.83
FA PE~mEr L , IStRAT~t'IO0 (RMtET ERITO!IRXALIINTRPERITONEL)

gChlinesterase (uM/l/imn) B Blood PH
(mm-g)

urn.hol Blood~~~ !lafsua KBC PO

P-edose 1.69 0.123 2.83 87.8 40.9 7.40

0 (dosed
300 ml
supernatant)

5 ,in 0.93 0.07 2.83 - -- -

10 min 0.63 0.025 0.95 87.6 36.2 7.40
20 min 0.17 <0.025 0.16 99.3 39.6 7.39
30 ain 0.13 <0.025 0.04 94C6 36.8 7.39

35 min (redose
250 ul
supernatant)

40 sin . 81.9 36.8 7.40

50 sin <0.025 <0.025 0.04 -- - --

S 0 min <0.025 <0.025 0.025 44.3 32.3 7.22
70 m-in <0.025 <0.025 <0.025 41.0 46.5 7.32
75m -- - - 41.0 52.6 7.26

--- �ot measured
PostmortIe Tissue Cholinesterase (uxlgmun): Brain 4.48, Lung < 0.025,

Diaphragm 0.07

M1MKW4~
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Table 8. Whole blood, plasma, and RBC 'Fholinesterase, blood gas
and blood pR determinations in a pig (test A) given a
lethal intragastric dose of blue-green algae cells
containing anatoxin-a(s) and a pig (control) given an
intragastric dose of distilled vater.

Table 8a

Arterial Blood Gas *and pH Values

PWO P09Blood PH
Time (aim) Test 'Control Test -Control Test Control

Predose 41.8 37.4 85.2 100 7.40 7.415
30 37.2 39.8 84.3 100 7.38 7.43
60 33.4 39.0 86.8 100 7.41 7.43
75 37.2 37.4 - 91.7 7.31 7.42
82 - 51.6 - - -

90 35.3 - 100 7.46

*Units are in umoig

- - lot analyzed

Table 8b Cholinestersae Activities (uM/l/min)

Whole Blood Plasma RB0
Time (sin) Test Control Test Control Test Control

Predose 1.39 1.50 0.27 0.26 2.20 2.34
.30 0.07 1.37 0.06 0.23 0.07 2.47
60 <0.02.5 1.25 0.05 0.20 0.06 2.57
75 - --

82 <0.025 - 0.04 - <0.025 -

90 1.37 0.26 2.57

--not analyzed

Detectin limi
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Table 9. Brain, lung, and diaphragm cholinesterase activities
from: 1) a pig (A) administered a lethal intragastric
dose of blue-green algae cells containing antx-a(s), 2)
a pig (B) administered a suspected lethal dose of
blue-green algae containing anti-a(s) and then treated
with activated charcoal and atropine (pig survived),
and 3) a control pig dosed intragastrically with water.

Tissue Cholinesterase (uKol/g/ain)

Pig Brain Lung Diaphragm

1. Lethal Dosed 5.60 0.09 0.09

2. Lethal Dosed and 5.98 0.13 0.30
Treated with
Activated Charcoal
and Atropine

3. Control 6.02 0.27 0.45

I=fW -* *.*MV *3m
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T able 10. Whole blood, plat"a, DC, brain, and diaphragm
cholinesterase determinations in a pig (C) given a
potentially lethal dose of blue-green algae material
containing antx-a(s) and then treated vith activated
charcoal and atropine.

Cholinesterase (uWlll/mi&)
Time Whole Blood Plasma RBC

Predose 1.10 0.32 1.80
5 min 0.92 0.25 1.16
10 =in 0.64 0.11 1.03
19 min (atropine + charcoal)
20 min 0.73 0.08 0.56
30 sin 0.14 0.05 0.36
45 nin 0.09 0.036 0.15
1 hr <0.025 <0.025 0.11
1.5 hr <0.025 <0.025 0.11
2.0 hr <0.025 <0.025 0.05
3.0 hr <0.025 <0.025 0.05
4.0 hr <0.025 <0.025 0.11
4.5 hr (atropine)
5.0 hr <0.025 <0.025 0.05
7.0 hr <0.025 <0.025 0.04
10.5 hr (atropine)
12 hr <0.025 0.07 0.05
24 hr <0.025 0.07 0.04
48 hr 0.014 0.07 0.06
72 hr 0.18 0.07 0.09

5j
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figure 1: High pressure iiquid chromatograph spectrums of anatoxin-a(s) purified
froa Tolono, Illinois field case compared to anatoxin-c(s) standard

(produced by Anabaenaa flos-aquae IIRC-525-17).

Analytical HPLC Altex CN (4.9 mm x .15 cm) 80/20 (10 mM NH 4CH 3COO/
I =MCH3COOR) @ I-5 ml/mi, . 230)1 @ 0.1 OD
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bo Analouin-ais) field toxieosis in mine (Griggavil 1.)

four sows, one boar, and eight 18-23 kg swine died over a period of

one week around a pond in Griggsville, IL in association with a ~K.

blue-green algae bloom. Sudden death was the predominant clinical sign,

but salivation, dyspnea, diarrhea, ataxia, open mouth breathing and

recumbency were also observed. Gross postmortem examination of 4 pigs by

the referring veterinarian revealed vet lung tissue.

Materials and Methods

Algae cells were collected in culture tubes and jars and shipped to

Wright State University in cold-packs for light and scanning electron741

microscopic examination for algae identification, future culture, souse

bioassay and EPLC analysis. Brain, lung, and diaphragm were obtained

from a am that bad died in conjunction with the field case. These were

analyzed for chiorinesterase activity as described previously using the

Modified 111man Method. Mouse bioassay was also performed at UI using 3

lisLs Webster mice. Two nice were injected with 1.0 al of blocs

material, and I mouse with 1.0 al of water for a control.

Lighat microsc..pic and scanning electron microscopic examination of

pond water containing algae by Rik Hasood and researchers at Wright

State University, Dayton. Ohio, revealed Au~kLi t1Jrsusi.. a

blue-green algae, strains of which are known to be producers of

emtx-%(s). Mice injected with blocs material bad clinical signs

including thick salivation, uscoid lacrimatiou. dyspnes. cyanosis, clonic

seizures; ead death. These clinical signs were compatible with toxicosis

by santx-a(). The mouse bioassay was repeated at Wright State University

revealed similar results. Cholinesterase a"say of brain tissue, lung and

diepbralm from a sow that died on the farm revealed cholinesterase
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activities of 4.42, 0.00, and 0.13 uN/glumi, respectively. Lung and

diaphragm cholinesterase activities appeared inhibited, and the overall

results wore consistent with a peripheral acting cholinesterase inhibitor

such as anti-a(s). Samples of algae in culture media and bloom material

for freeze drying were sent to Wright State University for culture and

toxinu production, respectively.

7. -UNU
The start of formal studies with pigs may be temporarily delayed

until the structure of antx-a(s) is known and a capability to absolutely

&ssess toxin purity has been demonstrated. In the meantime, algae

extracts of increasing purity can continue to be used to qualititively

characterize pa thophysio logic mechanisms of this toxin in nice and pigs,

sad its neurobehavioral effects on rats.

In the first year of study, the ef fects of antz-a(s) have been

evaluated in mice, rats, swine, birds, and cattle. This enabled

observation of the spectrum of clinical signs, that anti-a(s) produces,

and insights into possible pathophysiologic mechanisms. Marked species

differences were observed such as chromodacryorrhea in rate, profuse

U1coid nasal, discharge in pigs, seizures. in rats, lack of toxicity af ter

Savage in rodents and high toxicity with intragastric admistration in

pigs. The actions of sant-a(s) are apparently doe to acetycholine

accumulation at the neuromuscular junction, pro-- and postganglionic

juactioms in the antomaic parasympathetic system.

Possible pathopbysiologic mechaniesms of anti-a(s) were explored with

electrocardiograph, blood pressure and electroencephalograph equipment,

cholinesterase as says, gross postmortem and histopa thologic

evaluations. Information to date suggests that anti-a(s) causes death in

sanmals from anoxia and acidosis *secondary to respiratory paralysis



from cboliaesterase inhibition. Preliminary blood pressure recordings in

one pi4 indicated a marked rise in left pulmonary artery blood pressure,

but further observation of this finding in other pigs is necessary before

its significance can be determined. The majority of research data

including brain cholinesterase determinations, neurological examinations

sad electroencephalograph recordings indicate that ants-a(s) does not

cross the blood brain barrier and is not having a direct effect on the

brain. Evidence for antx-a(s) having an effect on the brain comes from

seizure activity, electroencephalographic alterations and narcosis

observed in the rat. Further study with the rat is planned to clarify

whether ants-a(s) is offecting the brain in this species.

The limited gastric or ruainal intubation studies using pigs,

"cattle, birds, mice and rats with ants-a(s) suggested that by this route

the pig was the most sensitive species to toxicosis. The similarity in

anatomy and physiology between the pig and man suggests that man could

also be very susceptible to orally induced toxicosis. Intravenous and

intrmuscular atropine and gastric intubation of activated charcoal

appeared to be a lifesaving treatment in one pig administered an

iatragastric lethal dose of algae containing antz-a(s).

Aaatozin-a(s) toxicosis was diagnosed in two field cases, one

involving ducks and the other wine, in Illinois, in the first year. It

was possible to harvest and freeze dry toxic algal material from blooms

LL these cases. Field cases of anti-a(s) and algal blooms producing

satx-(s) may be more common than previously suspected due to the labile

mature of the toxin and algae producing antz-a(s), lack of gross and

histopethologic lesions, need for peripheral cholinesterase activity

"•d•neiaatioue, and due to the history of sudden death in animals. The



strvcture of anti-a&W in these blooms can be compared in the future for

structural varients to the labor atory-produced anti-a(s) from Anaakpa.

f 1ot-agalaa NRC 525-17.



STUDIES ON CUUOBACTERI.A (BLUE-GREEN ALGAE) NEUROTOXIBS:
1. PURIFICATION OF AIIATOXII-A(S) AND ANATOZIN-A

11. KINETIC ANALYSIS OF CHOLINESTERASE INHIBITION BY ANATOZIN-A( S)

Rik A. )(ahmod, PhD

Intioductios

Materials and Methods
&a Toxin Extraction
b. Righ Performance-Liquid Chromatography (HPLC)
c. Verification of Aiiatoxin-a(s) Purity
d. Cholineeterase Inhibition

Results
a. Purification
b. Cholimesteras. luhibitioa

Discussion

Differet strains of h~actsin. 11ugjuaa± have bee. shown to produce

toxins (anatoxins) which are physiologically distinct.1 TWO of these

=atatxia&, anstoxin-a obtained from strain NRC 44-1 and anatoxin-a(s) from NR(C

525-17 have been studied. The chemical structure and pharmacological action

of samatoia-a is already known. It is the alkaloid I-scstyl-9-aaabicyclo

mon-2-ss sand is a potent depolarizing neu~rmwscular blocking agent at both

the nicotinic and muscarinic receptor.. 3

The term anatoxin-a(o) was deriijed f rom anatoxin-a since it was f irst

tbought that 0he two toxins shared simila pharmacological properties. But it

vas later found that their pharmacological actions differed 45anti most

recently it was showm that anatoxim-a(s) acts as as irreversible

anteboisetarse.617Measures to characterize the fundamental chemical

properties of smatozisa-s(s) have shown it to be a positively charged compound

of molecular weight > 500. It is acid stable, alkaline labile. water soluble.

unstable is organic solvents and exhibits weak UV absorbence a: 200-400 on.
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The present studies vith the anatoxin-a(s) and anatoxin-a involve theA 1*

development of larger-scale (preparative) purification method: the aim is to

produce larger quantities of toxin without reducing purity. The other part of

the study involves the elucidation of the mechanism of action of f~4

anatozin-a(s). This he*s primarily been directed toward the biochemical

characterization of the inhibition of cholinesterase by anatoxin-a(s).

The cholinesterase inhibition studies are necessary for several reasons:

1. to support the earlier pharmacological and toxicological data that

aaatoxiný-&(s) is an anticholinsterase.

2. to elucidate the mechanism of irreversible action of anatoxin-a(s).

3.* to compaer the inhibition between different sources of

cholinesteraset. ~

MATMUIA AND XMWOD

a. Toxin extractionJ

1. hmaLggLas2 '

The extraction and purification of ansatxin-e(s) from huknabe

1jgAaaa INC 525-17 are shown in the -flow diaZram (Fig. 1). The

extractiom procedure was developmed as pert of the a~uthor's dissertation

work.' Since then. some modifications were made to accommdate the

large-scale extraction and purification.

LyophLILsed cells (20 g) ia 250 al acidified ethanol (p5 4.0

acidified with acetic acid) were stirred for 24 hr. The suspension was

ieautifuged at S.000-10,000 rpm for I hr at 4 C. If Secessary, the

residues was re-extracted by rapeating the above procedure until no

further toxicity was observed. The snperna teats were pooled and

csoucestratied by air drying in a heated bath (40C00. The dried extract

was dissolved in 20-50 &1 0.1 N acetic acid and loaded on loand glut

W(Ci.halytichem) cartridges. The cartridges were stacked two columns

45, V
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high and a total of four or six cartrid3ges were used. These csirtridges

had to be prepared before loading the extract with 2.0 al methAtnol

followed by 5.0 al water. The extract was then loaded and the eluant

collected. The cartridges were washed with 5 al 0.1 N acetic acid and

the eluant collected again. The pooled eluant was air-dried and

reconstituted in 10-20 Yd of 0.1 N acetic acid and centrifuged at 10,000

rpm at 40C for 1 hr. If the s'upernatant appeared to be darkly colored,

then the step using Bond Elut was repeated. Otherwise, the sample was

ready for gel filtration.

2. AnZntr

hmatozin-a f rom Anabaensa f los-aquae NRLC 44-1 was extracted using the

same method as for anti-a(s) as shown in the flow diagram (Fig. 1..

3.* Colum Chromatoeaajhv

The follcving method was used for the separation of both asntoxin-a, 4

and amatouisr-a(s). Sephadex G-15 (40-120 a size, Sigma) was rinsed.

swoollen and. deaerated in water overnight. The columm (Pharmacia C-26

column, 2.6 x 70 ca) was slurry packed under gravity flow using a packing

reservoir. The final column bed volume was 230 al. The colimn was

washed with 0.1 M acetic acid for at least I bed volume initially or

following tha previous run at a constant flow rate of 0.4 ml/min. The

almost was supplied by a peristaltic pump (Gilson Kinipuls 2).* The

extract in 5.0 al (0.1 M acetic acid) was applied to the column using a

amnple loader. The eff luent, monitored at 230 an was collected ini

fractious of approximately 6-7 al volume using a Gilson fraction

collector (Model FC-bWk).

Pooled fractions, in which the presence of toxin was conf irmed by

mýuse. bioassay, were lo"add on a Sep-pak C1is (waters) cartridges for

separating crude toxins from some pigments. The procedure for using
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SeP-pek CIS cartridges vat similar to the one described for Bond glut

(Analytiches) cartridges (above). The pooled eluants were then ready for

HPLC *1

b. Rith Derforwance liguid cbrouatogra~hj (HFLC

In the KPLC runs for both anatoxin-a(s) and anatoxin-a, Waters

semi-preparati-ve CK (cyano) columns (7.8 z 300 mm0 were used. The conditions

for the runs were as follows: 1) 1001 water for 15 mmn; 2) for anatozin-a(s),

0-6 mH ainanium acetate was used in a 10 nin linear gradient; f or anatoxmn-a,

a linear gradient from 0-8 mM asaon~iu acetate over 15 min was used; 3) for

anato%.An-a(s). * 1 6 rX a~oniui acetate was used in an isocratic run for 10

sin and for anatoxin-a, 1001 8 mM for 15 ain was used; 4) 1001 water was then

used in 5 sin linear gradient.

The toxic peak" were pooled and reru on a second CR Column (7.8 z 300.

n). Sometimes is was nicessary to -run specimens on the analytical column

(Altax CS, 4.5 z 150 wa) with 10 mM anmuium. acetate: 1 mM acetic acid

(80:20) at 1.5 sl~m2n to separate side peaks and reduce sample discoloration.

The flow rate for the ami-preparative run was 2 Wa/in an.ý the peaks were

monitorekA for absorbence at 230 is.

A preparative colimn custom packed Delta 500 CU (5 x 29 cm) (Waters) was

31so triiad to purify aaatoxin-a(s) in a wisher of preliminary trial runs. The

gradient elutios is still in preparation.

CO .kdifriaton of anatpxiqnA(s) Dpuritt

Two methods vote used to check purity: 1) ILC using the analytical

colam as described above and 2) thin layer chromatography (TLC).* Three

solvent systems were developed for use in addition to the one developed by

Andrew Dahlem at University of Illinois (personal coummunication). The three

solvent systems are listed below:
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1. pytidine: ethyl acetate: acetic acid (15:5:3)

2. pyridine: ethyl acetate: acetic acid: water (15:5:3:4)

3. u-butanol: acetic acid: water (2:1:1)

The TLC plates (Silica Gel 60, E. Mark) were heated at 110 0 C for 30

win. The 10 ul spots (5-10 ug toxin) were applied and the plates developed in

the respective solvent systems. The plates were air dried, inserted into an

iodine tank for 10-15 min, heated at 1100C 10-15 min and observed under long

wave UV.

d. Cholinesterase inhibition

A photometric method of Ellman et al 7 was used to determine the jn

yzg cholinesterase activity.

Acetyltholinesterase, (UC 3.1.1.7) from electric eel type V-S, and human

erythrocyte type XIII and horse serum butyrylcholinesterase (EC 3.1 .1.8) were

obtained from Sig"a. A stock solution of each enzyme in 0.1 NM 2•P24

buffer pH 8.0 was kept frozen. For each assay 0.25 U of enzyme were used.

All assays were carried at room temperature.

For each assay, microliter volumes of anatoxin-a(s) were added to one

side of the cuvette and 0.25 U enzyme to another corner, followed by addition

of 3.0 ml phosphate buffer pH 8.0 to the cuvette. The solution was mixed and

incubated for various times. After incubation, the substrate

(acetylthiocholine or butyrylthiocholine at 0.075M) was added, and the change

in absorbence at 412 =m recorded.

In the gel filtration run (Sephadex G-15), anatoxin-a(s) was found to be

sluted after only 40-50Z of the column bed volume had passed. The toxins were

.0 6eluted together with the light yellow pigments. In the previous technique

the final step in the purification of anatoxin-a(s) employed the use of an
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Altech CU and/or Zorbax CS (9.4 x 250 mm) which was run isocratically with 10

md ammonium acetate and methanol (50:50). In anticipation of an increased

scale of purification using the Waters Delta preparative RPLC 3000 system, it

was necessary to determine whether a Waters CH semi-preparative column would

work for the separation of anatoxin-a(s).

Good results were obtained with a modified technique that utilized a

linear gradient of water to 6 uM ammonium acetate in 25 min. The separation

profile of anatoxin-a(s) using a Waters CN column (7.8 x 300 am) is shown in

Fig. 2 with a retention time of 25 min. It was observed that the toxin eluted

from a single run on the semi-preparative column contained side peak

contaminants and discolored products as shown by the repeat run on the

semi-preparative column (Fig. 3).

The discoloration of the collected semi-preparative run peaks were likely

a result of pigment contamination. These pigments were apparently leached

very slowly from the semi-preparative column. Depending on the appearance of

the toxin collected from the second HPLC semi-preparative rerun, it is

sometimes necessary to rerun the pooled toxins on an anlytical column. A

typical analytical MPLC profile of anatoxin-a(s) is shown in Fig. 4. The

purity of the toxic peak was further verified using TLC in all four solvents

which gave a single spot with a minor spot at the origin that corresponded to

the pigment. The average yield of toxin obtained from the 20 g extracted is

about I mg.

Anatouin-a was extracted using the same method as for anatoxin-a(s). In

the gel filtration run (Sephadex G-15), anatoxin-a was found to be eluted

after between 100-120% of the column bed volume had passed. In the RPLC run

using the Waters Ci (7.8 x 300 mm) semi-preparative column, anatoxin-a was

eluted with a higher anonium acetate concentration than anatoxin-a(s) (Fig.

5). This corresponds very well to the results with ion-exchange
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chromatography using CN-Sephadex C-25 (weakly basic cation exchanger), where

anatozin-a was eluted with 1.0 N acetic acid and anatoxin-a(s) with 0.3-0.5 U

acetic acid. The ion-exchange chromatography was used in the early stages of

methods development but in the current method, ion-exchange has been

eliminated.

As with the anatozin-a(s), the toxin collected from the first IflC run

was slightly discolored. It was necessary to rerun the toxin on the second

RPLC column in order to eliminate the pigments.

b. Cholinesterase inhibition

The inhibition of eel acetyleoblinesterase (IC 3.1.1.7) by anatozin-a(s)

is shown in Fig. 6. The inactivation of eel acetylcholinesterase by

anatoxin-a(t) was time and concentration-dependeut. The inactivation folloved

first-order kinetics, indicative of reversible binding of the inhibitor,

followed by irreversible inhibition. Likewise, the inhibition of human

erythrocyte acetylcholinesterase (EC 3.1.1.7) by anatoxin-a(s) was time and

concentration-dependent (Fig. 7). The pattern of inhibition resmbled that of

eel acetylcholinesterase; but further comparison indicated that the inhibition

by anatoxin-a(s) was greater towards human erythrocyte acetylcholinesterase

than eel acetylcholinesterase. This was done by comparing the percent

inhibition at a fixed time versus the toxin concentrations used. The crude

preparation of human erythrocyte acetylcholinesterase night have contributed

to the observed differences The inhibition of horse serum cholinesterase (or

butyrylcholinesterase) (SC 3.1.1.8) by &natoxin-a(s) was found to be less

specific than the inhibition of acetyleholinesterame. The inhibition of the

butyrylcholinesterase. The inhibition of the butyrylcholinesterase was

observed to be non-linear (Fig. 8). The nonlinearity was shown to be biphasic

when the inhibition was carried out a lover concentration of anatoxin-a(s).
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One of the major problems with the large-scale purification of the

neurotoxins is the presence of chlorophyll and other pigments which on many

occasiions were eluted with, the purified toxin. A number of steps have been

taken to reduce or eliminate contaminations from these pigments. In the

earlier stage of extraction, this was achieved by the use of disposable

preparative cartridges, either Bond Elut (Analytichea) or Sep-pak C1 8

(Waters). In order to avoid 'leached' pigments in the columns during HPLC

runs, the pooled toxin after the first run was rerun (purified) on a second

column. If there were side peaks present in the pooled repurified toxin, the

toxin was further separated on an analytical RPLC column.

The present HPLC tachnique is time consuming. An attempt to scale-up the

purification of anatoxin-a(s) to the preparative scale has been achieved in

order to reduce running time. It was carried out on the custom made

preparative cyano column (Delta 500, 50 x 290 us) with the sane mobile phase

as that used for the semi-preparative runs.

The cholinesterase inhibition studies led to several conclusions. The

irreversibility of the inhibition of anatoxin-a(s) on eel acetylcholinesterase

has been shown using equilibrium dialysis and a plot of Vuax versus total

enzyme.6 It was also observed that diluting the inhibited enzyme up to 100

tines with pH 8.0 phosphate buffer diA not cause any reversibility.

The irreversible action of anatoxin-a(s) scemed to occur without first

forming the reversible enzymt-anatoxin-a(s) complex as shown by the plot of

f inst-order rate constants (p) against increasing anatoxin-a(s) concentrations

(Fig. 9). This, if it is truly happening, is into:resting because all known

irreversible anticholinesterases (i.e. organophosphates) with the exception of

VI to-ethyl 8-2 (diisopropylanino) ethyl methyl phosphonothioatel8 form a

reversible complex with the enzyme prior to the irreversible inhibition. All



of these irreversible compunds act on the enhyme active/peripheral sites.

This vould make anatoxin-a(s) a non-specific inhibitor of acetylcholinester-

rase. A number of experiments can be done to show this, i.e. the p1 effect,

the substrate and the presence of reversible inhibitor on the activity of

anotoxin-a(s).

The nonlivear character of the inhibition of butyrylcholinesterase by

".natouin-s(u) could be due to the presence of two or more different forms of

the enzymes which are reacting at differeret rates from one another. These

different forms could be either different subsites on the same enzyme, which

react at different rates with anatoxin-a(8), or a mixture of different

•isozymes.
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20.0 a lyophilized cells

250 ml ethanol (pH 4.0)

stir 24.0 h

centrifuge 10.000 rpm 1 h

air dried, reconstitute in 50 ml

0.1 M acetic acid

Bond Elut C18+
air dried, reconstitute in 20 ml

0.1 M acetic acid

centrifuge 10.000 rpm 1 h+
Gel filtration (Sephadex G-15)

Sep-pack C

Semi-Prep HPLC

Arepeat Bond Elut Step if supernatant is darker in color

Fig. 1. Flow diagkam for the isolation of anatoxins-a(s) and

anatoxin-a
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0 25

min

Fig. 2 Semi-preparative HPLC of anatoxin-a(s) (4).
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0 mn 25

Fig. 3 Semi-preparative HPLC of anatoxin-a(s) (4)
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Ile

CN (4.6 x 150 mmi).
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16 32

min

Fig. 5 HPLC separation of antx-a ()on Waters CN column
(1.8 x 300 mm).
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Fig. 7 Progressive irreversible inhibition of human erythrocyte
acetylicholinesterase by antx-a(s).
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Fig. 8 Progressive irreversible inhibition of horse serum cholinesterase
by antx-a(s).
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FIGURE LEGENDS

Fig. 2 Semi-preparative HPLC of anatoxin-a(s) ( +).

Column - Waters CN (7.8 x 300 mm). Conditions:

mobile phase - water to 6 mM ammonium acetate. 0-15

min of 100% water and linear qradient in 10 min.

flow rate - 2 ml/min: defection - 230 nm @ 0.2 AUFS.

Sample injected from pooled G-15 gel filtration.

Fiq. 3 Semi-preparative HPLC of anatoxin-a(s) C +). Same

conditions as in Fig. 2. but the injected sample is

the pooled toxic peak obtained from the first run.

Fig. 4 HPLC (analytical) separation of anatoxin-a(s) ( )

Column - Altex CN (4.6 x 150 mm). Conditions:

10 mM ammonium acetate: 1 mM acetic acid (80:20). 1.5

ml/min.. 230 nm. 0.2 AUFS.

Fic. 5 HPLC separation of antx-a ( + ) on Waters CN column

(7.8 x 300 mm). Conditions: 100% water (15 min.) -- )

0 to 8 mM ammonium acetate, linear aradient in 15 min

-- > 100% 8 mM ammonium acetate (15 min) at 2 ml/min.

230 nm. Antx-a peak (+).

|IIJ III "
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Fig. 6 Progressive irreversible inhibition of eel acetylcho-

linesterase by antx-a(s). Antx-a(s) concentrations,

ug/ml: (*) - 0.083; (0) - 0.166; (0) - 0.331;

(A) - 0.497; (*) - 0.599; ( ) - 0.662; ( w ) -

1.262. Each point represents the mean of 3 of 4

determinations.

Fig. 7 Progressive irreiersible inhibition of human

erythrocyte acetyicholinesterase by antx-a(s).

Antx-a(s). Antx-a(s) concentrations. ug./ml: (•) -

0.16; (C) - 0.32; (C) - 0.66; (0) - 1.26. Each

point represents the mean of 3 determinations.

Fig. 8 Progressive irreversible inhibition of horse serum

cholinesterase by antx-a(s). Antx-a(s)

concentrations. ug/ml: (C ) - 0.331; C•) - 0.662;

CU) - 0.994: C*) - 1.325: Ce) - 1.656. Each point

represents the mean of 3 or 4 determinations.

Fiq. 9 Plot of first-order rate constants versus antx-a(s).

-- - --- -!-- - - - -
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Annual Progress Report for the Period September 1, 1985 to August 31, 1986

PRELIMINARY STUDIES WITH ANATOXIN-A

Drs. James Fikes and Lloyd Barr

Introduction

Materials and Methods
a. Toxin
b. Animals
c. Intravenously Dosed REats
d. Intraperitoneally Dosed Rats
e. Necropsy Procedure
f. Preliminary DNvelopment of Techniques to Evaluate Phrenic Nerve

Stimulation in Animals Given Antx-A

Results
a. Intravenously Dosed Rats
b. Intraperitoneally Dosed Rats
c. Phrenic Nerve Stimulation in Animals Given Antx-A

Discussion

Future Plans

Investigation of the cyanobacterial neurotoxin anatoxin-a, produced by

A.bana los tual, was begun in the fourth quarter of this contract year.

One goal of this study was the establishm.nt of a dose-response relationship

for anatoxin-a in rats. Previous studies have involved characterization of

various pathophysiologic effects of anatoxin-a in isolated systems. In

general, however, data, on the ability of the toxin to exert specific life

threatening effects --hen administered to intact animals, has not been

generated. A second goal, therefore, was the developuent of a method to

stimulate the phrenic nerves of anatoxin-a dosed animals to enable

determination of whether phrenic nerve-diaphragmatic neuromuscular

transmission is blocked by the toxin.

"All -=•, • •• a'•,. .,
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UMM ALS MD TRHODS

"Smipurified" anatoxin-a (antx-a) extract was used in all studies

taus far since purified toxin is as yet unavailable. The "semipurified"

toxin was extracted (see Figure 1) by adding lyophilized cells to ethanol

(pH 4.0, adjusted with acetic acid) and stirred for 18 hours. The

solution was then centrifuged and the supernatant fluid was removed and

filtered. The filtrate w-, then passed through a preparative cartridge,

Bond Elut (Analytic Chem). The final filtrate was then dried down and

reconstituted with saline to a concentration of 0.1 g dry cell

material/ml of extract equivalence and frozen. The "semipurified" antx-a

at this point is a clear green solution. Toxicity was verified by mouse

bioassay. Purity of the solution was not determined due to the

unavailability of a pure toxin standard. All doses of "semipurified"

antx-a used in this phase of the study came from the same batch of

extracted cell material.

b. Animals

Male, Harlan Sprague Dawley SD rats weighing between 283 and 375

grams were injected with varying doses of the "semipurified" antx-a

intravenously (IV) as well as intraperitoneally (IP) for comparison.

c. Intravenougly Dosed Rats

Five rats were injected IV with antx-a via a catheter in the tail

vein. Doses are shown in Table 1. All 5 animals in the IV dosing group

ware anesthetized with nethoxyflurane and weighed. A 26 gauge

AngiocathR was then placed in one of the tail veins. The rats were

allowed 45 to 75 minutes to recover from the anesthetic prior to dosing

with the "semipurified" toxin.
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d. Intraneritoneall, Dosed Rats

for comparison effects after IV administration, 5 rats were injected

IP with varying amounts of "semipurified" antx-a with two of the rats

being injetted twice. The second injections were given after a recovery

period of I week.

e. Necrorsy Procedur"

Animals which died following treatment were immediately necropsied.

The skin, brain, skeletal muscles, thoracic and abdominal organs were

examined grossly. The lungs were fixed via intratracheal instillation of

.10Z neutral, buffered forualin. Sections of tissues, including liver,

lung, small intestine, kidney, spleen, myocardium, spinal cord and brain,

were fixed by isrsion in IOZ neutral, buffered formalin. These tissues

were routinely processed, embedded in paraffin, sectioned at 6 um, and

stained with hesatoxylin and eosin.

I. Preliminary Develo~nent of Technigues to Evaluate Phrenic Nerve

Stimulation in Animals Given Aatx-A

Development of a technique to electrically stimulate the plenic

nerve in the live-anesthetized animal was begun this quarter. Three rats

were anesthetized with IP injections of pentobarbital and four rats by IV

administration. A ventral midline incision was made beginning at the

sternuw. and extending anteriorly approximately 2 1/2 cm along the ventral

neck. The phrenic nerve was expzsed by sharp and blunt dissection at the

point it branches off the Vth cervical nerve and crosses the VIth and

VFith cervical nerves. Initially used spade electrodes were replaced by

cuff electrodes.
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a. Intravenously Dosed Rats

Survival data is shown in Table 1. Animals that survived were

observed for 7 days postdcsing. The two animals which survived the IV

dosing (i.e. rats I and 4), showed clinical signs but appeared to

recover filly based on clinical observations. Rat 1 was unable to walk

imeediately after the IV injection but could crawl. This appeared to be

due to a moderate muscle weakness. When the rat did move, its head and

limb motions were exaggerated. This animal could walk by 26 minutes

postdosing and appeared clinically normal by 30 minutes postdosing. At

no time did this rat appear unresponsive to external stimuli or exhibit

signs of labored breathing. Rat 4 was also unable to walk iinediately

after dosing but was able to crawl. Immediately after injection, the

rat's left hindliub appeared paretic. Although the rat could move the

leg, it was extremely weak as compared to the other legs and had no pedal

reflex. At one minute after dosing, the rat had an increased respiratory

rate with generalized muscle weakness. The rat had an intact righting

reflex at all times. By 4 minutes postdosing, the left hindlimb paresis

appeared to move anteriorly and partially affected the left forelimb.

The rat did not respond to needle pricks on tne left side either

laterally or dorsally from the hindlimb to the shoulder. At 9 minutes

postdosing, the rat began to respond to pinching of the toes of the left

hindlimb and began steady improvement in the use of its left fore- and

hindlimb. The rat improved quickly during the next 10 minutes.

Improvement tapered off during the next 16 minutes but, by 35 minutes

postdosing, the rat appeared clinically normal.

The three rats given lethal doses IV (see Table 1) demonstrated a

fairly consistent progression of clinical signs. Rats 2 and 3 were

SN
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unable to walk by the time the animals were placed in the box for

observation (approximately 5 seconds after the start of the injection).

Rat 5 was able to walk for approximately 10 seconds after being placed in

the box but then it too began demonstrating the generalized muscle

vwakness and quickly progressed to only being able to crawl. Each of the

three rats was able to crawl for only 15-60 seconds. Clinical signs

occurred fairly consistently in the order shown in Table 2.

b. Intraneritoneallv Dosed Rats

Four of the rats injected intraperitoneally once and one injected

twice survived (see Table 3). The rats which survived demonstrated a

variety of clinical responses to IP dosing from no change to moderate

unresponsiveness to external stimuli and inability to walk.

After the first dosing, rats 6 and 7 did not exhibit any clinical

effects. Rat 9 began to experience labored breathing 12 minutes after

dosing.' By 18 minutes postdosing, the rat could barely walk and, by 20

minutes postdosing, it could only crawl. Respiration continued to be

labored until 27 minutes after dosing when the dyspnea began to ease and

crawling activity began to increase. By 56 minutes postdosing.

respiration appeared normal. Although the rat could walk, its limb and

head movements were exaggerated. Clinical recovery appeared complete by

6 1/2 hours.

Rat 10 appeared normal until 9 minutes postdosing. At that time, it

began to walk with exaggerated motions of the limbs and had an increased

respiratory rate. The respiratory rate and abnormal limb movement

continued to increase for the next two minutes. This appeared to peak by

11 minutes postdosiug, and then began to slowly improve. At 36 minutes

postdosing, the rat was still somewhat unresponsive to stimulation and

had slightly exaggerated limb movement but normal respiration. By eight

hours postinjection, the animal appeared clinically normal.
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Rat 6 was injected a second time IP, 7 days following the first

injection. At six minutes postdosing, it exhibited a reduction in

spontaneous movement. This decrease in activity progressed to moderate

unresponsiveness to stimuli during the next two minutes. At that time

the rat was extremely weak and could not walk but could crawl. The

Two rats died following IP injection (see Table 3). Rat 7 was

injected twice, the second IF injection being 7 days after the first.

Both rats exhibited a similar progression of clinical signs with no

abnormalities noted for the first 5-6 uinutes. The rats then became

weak, could not walk, but could crawl. The severity of the clinical

signs progressed during the next 6 minutes with the onset of and increase

in labored breathing, tremors of the neck and back muscles followed by

kicking of the backlegs. Death quickly followed the onset of violent,

rapid (every 2-3 seconds) hindlimb kicking and apparent respiratory

paralysis at 11-13 minutes postdosing.

C. Phrevic Nerve Stimulation in Animals Given Antx-A

In the study to assess phrenic nerve/diaphragm neuromuscular

transmission, problems encountered initially included excessive

hemorrhage in the first 3 rats and excessive stimulation and contraction

of the thoracic limb with little evidence of diaphragmatic contraction

noted.

Most of these problems appear to be corrected by altering the

surgical approach. Less tissue trauma occurs and all the local major

vasculature is avoided. This greatly decreases the mount of hemorrhage.

IRarvard Subminiature Electrode, Earvard Apparatus Company, Inc., South
Natick, MA.
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By using aml I cuff electrodes1 and transecting the phro.nic nerve

anterior to the electrodes, it appears chbt the inadvertant stimulation

of local neural and muscle tissue vith resultant contraction cau be

avoided. The new approach and electrodes have only been used in three

rats thus far. The surgical techniques involved will still require some

practice before using this technique in formal studies of antx-a,

DISCUSSION1

The work completed in the investigation of antx-a thus far would suggest

that the toxin has a fairly steep dose-response curve. This is supported by

the fairly narrow IV dose range that produced clinical signs ranging from

fairly brief, moderate muscle weakness to death. The rapidity with which

clinical sisns appeared and death resulted following IV injection would

suggest that antx-a is quickly distributed from the blood to its effector

site(s). Intraperitoueally dosed rats required higher doses to produce

clinical effects and experienced a longer time until onset of signs. The time

to death vich IP dosing was in agreement with other investigator's

experimental findings. The differences in dose and time to clinical signs -nay

potentially be explained in part by the polarity of anti-a preventing its

rapid uptake from the peritoneal cavity by the vasculature.

No gross lesions were found during necropsy of the rats that died. No

treatent-related microscopic lesions were found in tissues from the two rats

that received the largest doses TV and IP (#2-IV; #7-1P).

FUTUR FLAW$

In the next quarter, the technique to electrically stimulate the

diaphragm via the phrenic nerves, will be perfected. The dosages employed in

the preliminary study will serve as a guide for use in this site of action

assessment. Lpproximately 30 al of the "semipurified" antx-a used in this

study remains and will be employed in the following aspects of the study to
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saintain consistency. Once the technique is readily repeatable, ant%-a will

be administered IV at a known lethal dose (determined in the last quarter) and

the effect on the diaphragm will be noted. Rapid onset of diaphragmatic and

respiratory pa:alysis after dosing would suggest that the distribution of

effector sites at laast partially includes the peripheral nervous system. If

diaphragmatic contraction continues unaffected, the suggestion would be that

the antx-a effects on respiration are primarily in the central nervous system.

Ve anticipate imediate respiratory paralysi; which will not be particularly

responsive to phrenic nerve stimulation. This would support a hypothesis that

the peripheral myoneural junction is the principle site of action of antx-a.

j1\



Figure 1.* Flow Diagrin for and Clean up of *Smipurif ied"

Anatoxin ..A.

5.0 X Lyophilized cell

200 to~ 250 ml 95% Ethanol (pH 4.0)
stir 18 hr.

Centrifuge 3000 rpm 15 min

.45 ua Filter pa*rr

.20 us Filter paper
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Dry downi, reconstitute in 50 al saline

Freeze
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Table 1. Data for Rats Given "Sesipurified" Anstoxin-A
by Intravenous Administration.

Weight .Volume of Toxin
Rat (in grms) (in milliliters) Dose (ml/kg) Results

1 295.0 0.5 1.69 Survived

2 283.0 1.0 3.53 Died

3 302.7 0.8 2.64 Died

4 295.4 0.6 2.03 Survived

5 299.5 0.7 2.34 Died
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Table 2
Usual Time Course of Effects in Rats Dosed Intravenously with Anatoxin-A

Time

(Seconds Postiniection) Effects

0-30 weakness, inability to walk, crawling

30-60 limp tail, arching of neck, kicking of backlegs

60-90 slight to moderate contraction of back muscles
(sometimes involving the general musculature),
increased frequency of kicking with backlegs, no
evidence of respiration

*90 death

ftat 5 died at 150 seconds postdosing. The onset of each of the above groups
of clinical signs was delayed approximately 30 seconds, as compared to rats 2
and 3.

__ .=:-• ... _ . _-- ,.- - .__ _-
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Table 3. Data for Rats Given an Intraperitoneal Injection of
"Sesipurified" Anatoxin-A.

Weight Volume of Toxin
Rat (in Srams) (in milliliters) Dose (ml/kg) Results

6 312.4 0.74 2.37 Survived

7 296.4 0.77 2.60 Survived

8 310.8 1.10 3.54 Died

9 355.4 1.10 3.10 Survived

10 349.4 1.15 2.29 Survived

*6 323.9 1.15 3.55 Survived

*7 324.0 1.20 3.70 Died

*Dosed twice, the second injection followed the first by 7 days.
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DLUE-GREU ALGAE (MICROCYSTIS AERUGIS) NEPATOTOXICOSIS

IN A NERD OF DAIRY COWS

Y. D. Gale.y DVXa, V. R.. Beauley, DVM a PbDa. . V. W Carmichael,Pb

G. Kieppe , DVM, S. B. Nooser, DYM *. We.M Haschek, BVSc, PhD

Kay words: Blue-green algae, Cyanobacteria, Microcystis aeruginosa,
Repatotozicosis.
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SUIMRIY

Twenty cows from a dairy herd consisting of 60 adult, healthy, lactating

Holstein dairy cows developed signs of anorexia, mental derangement,

dehydration, recumbency and ruminal atony after the ingestion of water

containing blue-green algae. Nine of the cows died. The algal bloom, which

developed in a stagnant pond during hot, dry weather, was positively

identified as the cyanobacterium • 2st is. a1g a potentially

hepatotoxic algae. One week after the incident, previously affected cows

appeared healthy although liver-associated enzyme activities were elevated.

Intraruminal administration of the intact wet bloom to an apparently

healthy 125 kS heifer was followed by hepatic necrosis and death. The liver

was enlarged, friable and gunmetal blue in color with microscovically evident

hepatocyte dissociation, degeneration and necrosis. The ingesta of

the animal contained typical clumps of cells which were identified as h.

The intraperitoneal (IP) administration of lyophilized cell material

from that bloom to ICR Swiss male mice caused marked hepatic enlargement. The

IP LD5 0 of the dried bloom was estimated to be 10 mg/kg.

A cyclic peptide toxin purified from the algae appears to be

structurally similar to toxins from other previously characterized

hepatotoxic blooms of . ins.
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Poisoning due to the blue-green alga (cyanobacterium) Lczsts

3.nhj& has been reported in livestock from various parts of the world

including Australia, South Africa, and Canada. 1 ' 2 ' 3 A cyclic peptide

produced by toxic blooms of this alga causes massive hepatotoxicosis when

ingested in sufficient amounts. 1 ,2,3 Potentially toxic blooms of

M tend to form in water when dry weather and high nutrient

concentrations are coupled with slow water movement. 1  Poisoning is more

likely when animals have access to an area where wind or water flow have

concentrated the bloom near the edge of a lake, pond or stream.

The present report describes: (1) environmental, clinical and serum

chemistry findings associated with a naturally occurring outbreak of

Kicr"Yetis aeruinot. toxicosis in a herd of dairy cattle; (2) the clinical,

"serum chemistry and pathologic findings in a heifer given the suspected algal

bloom from the dairy farm; (3) the isolation and characterization of the

toxin; and (4) a field diagnostic technique for confirming exposure to a

Mi iytis bloom.

Materials and Methods

Field investigation--On September 26, 1985, toxicologists from the

National Animal Poison Control Center, College of Veterinary Medicine,

University of Illinois at Urbana-Champaign investigated a suspected

blue-green algae toxicosis which began one week previously in a herd of dairy

cattle near Monroe, located in Green County of southern Wisconsin. The site

was inspected and historical information was recorded. Serum samples for

biochemical assesment (including serum albumin, alkaline phosphatase (AP),

arginase, gmia glutamyl transpeptidase (GCT), aspartate amino transferase

(ALT), bilirubin, blood urea nitrogen (BUN), creatine phosphokinase (CPK),

creatinine, lactate dehydrogenase (LDR), calcium, glucose and electrolytes)

were obtained from the tail veins of seven cows that had been clinically
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affected, seven cove that had been exposed to the algae but were not

clinically affected and three animals that had not been exposed to the algae.

Twenty gallons of algal bloom (approximate dry weight of the cells was 20 g/l)

were collected from the pond, overflow and drainage ditch for further study.

Fresh and forualin fixed samples were sent (to W. W. Carmichael) for algal

identification and toxin characterization.

Superimental protocol-Because postmortem examinations had not been

performed on the cows that died in Wisconsin, a trial was conducted using an

apparently healthy, 125 kg black Angus ruminant heifer in order to support

the field diagnosis and document blue-green algae toxicosis in cattle. The

equivalent of two grams (dry weight basis) of Miczcstis cells per kilogram

body weight was administered intraruminally to the heifer via a stomach tube.

tight liters of the wet blown were divided into two doses given one hour

apart in order to avoid excessive distension of the rumen. The dry weight

dosage selected was similar to that which was experimentally lethal to

sheep. The animal was continuously observed for clinical signs. Samples

for hematology and serum chemistry analysis were obtained from the jugular

vein twice during the week prior to, imsediately before and every 3 hours

after dosing.

Gross necropsy was performed imediately after the heifer died. Tissues

were fixe* in 102 neutral buffered formalin, imbedded in paraffin, sectioned

at 5 um and stained with hematoxylin and eoein. Samples of bloom and ruminal,

omasa! and abomasal contents were refrigerated and wet preparations were

examined under a coverslip with a light microscope.

Algae and Toxin Identification--The cell material was freeze dried and

sonicated to release the suspected water soluble toxin. The aqueous extract

was then purified using gel permeation chromatography and reverse phase high

performance liquid chromatography (EPLC).

=Mai



- 119 -

An approximate intraperitoneal LDso of the freeze-dried bloom for ICR

Swiss male mice (15-25 grams) was determined. Body weights and liver

weights as a percentage of body weights were obtained immediately after

death.

High pressure liquid chromatography (HPLC) correlation profiles vere

studied for the purified Monroe toxin with two cyclic peptide toxins,

£IIRTOZf (a toxin produced by a Norwegian H. agrugino water bloom4 ) and

the toxin produced by laboratory h. a strain 7820. NPLC was done

using an Alltech$ C-18 column, 25 cm x 4.6 ma inside diameter with 10

micron packing and a liquid phase of 28% acetonitrile plus 10 mM ammonium

acetate (pR 1.0) at a flow rate of 1 ml/lin at 22 C. Toxins were detected

with a Gilson Holochrome ultraviolet detector set at 240 nanometers. Ratios

of amino acid constituents for the toxin were obtained by hydrolysis with

6N HC1 precolumn derivatization with phenylisothiocyauate and analysis with
f

a Waters Picotag HPLC system and UV detection at 254 m.

Statistical analysis--Clinical pathologic parameters of the groups were

compared using the unprotected Least Significant Differences (LSD) Method 5

at a significance level (alpha - .05).

Results

Environmental findings--The weather had been hot r.nd dry for several

months prior to the incident and a thin, grainy, green film had formed on a

stagnant, spring-fed pond (Fig 1). On September 17, 1985 wind had

concentrated the bloom near the pond overflow pipe and it began to rain. By

the next day, one inch of rain had fallen, filling the pond which then began

to drain. A large amount of the thick, concentrated algal bloom was carried

out of the pond and deposited along a shallow ditch in a pasture where

lactating dairy cows were often kept.
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Exposure history and clinical findings--On the evening of September 18,

after the rain had subsided, 60 healthy adult lactating Holstein dairy cows

(in all stages of lactation) were turned into the pasture. Twelve hours

later, twenty cows were anore-mic and three recumbent. Some of the affected

cows had the green, grainy algal material on their backs, which, when sampled

on September 19, was confirmed (by light microscopy) to consist of the same

clumps of cellular material as found in the pond and outflow. The cows

exhibited clinical signs resembling milk fever (anorexia, unresponsiveness,

reluctance to move and occasional derangement). Recumbent cows rapidly

became dehydrated. Ruminal atony and mild bloat developed.

The three cows that first vent down had low pretreatment blood calcium

concentrations of 6.4, 7.5 and 7.4 mg/dl, and initially responded to

intravenous calcium treatment.h All of the animals were removed from the

pasture. Ten other severely affected animals were later given calcium

intravenously along with oral activated charcoal. Two of the animals that

had earlier responded to the calcium treatment became recumbent and died later

that day. Five more cows were dead the next morning and two additional

animals died the following day. Unfortunately, postmortem examination was not

conducted on any of the nine cows that died. One week after exposure the

remaining affected animals appeared healthy and were returning to their normal

feed consumption and lactation rates.

The experimentally dosed heifer became slightly less responsive seven

hours after exposure to the toxic bloom and at eight hours postdosing, the

calf was recumbent although it would reluctantly rise when stimulated. The

heart rate increased from a predosing rate of 90 to 114 beats per minute

(bpa); the respiratory rate increased from 42 to 66 breaths per minute and

the rectal temperature rose from 38.5 C to 40.5 C. Profuse, watery diarrhea

developed which continued until death. The heifer was anorexic, less

"MM ai
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responsive, and weak. The rumen contraction rate slowed from one contraction

per minute (predosing) to one contraction every three minutes.

The heifer's condition rapidly deteriorated during the subsequent two

hours. The mucous membranes became pale and the capillary refill time was

prolonged. The heart and respiratory rates continued to rise with the former

exceeding 200 bpm. The calf became laterally recumbent, unresponsive to

external stimuli, and died ten hours after dosing.

Serum chemistry findings-The dairy covs from the farm that had shown

evidence of toxicosis had significantly elevated AP, GGT, AAT and LDH

activities as compared to those from unaffected exposed and non-exposed

cows (Table 1) seven days after exposure to the algae. The total bilirubin

concentrations for three of the seven previously affected cows were

marginally elevated. Serum electrolytes and renal parameters were all within

normal ranges for cattle.

For the experimentally dosed heifer, the AP, arginase, GGT, AAT and LDH

enzyme activities progressively increased after exposure (Table 2). In

addition, the activity of creatine phosphokinase steadily rose to almost 3-4

times the predosing value. The total bilirubin concentration shoved a slight

increase late in the toxicosis. Glucose rose early from a predosing

concentration of 88 g/dl to 276 mg/dl at 8 hours and then dropped to 42

mg/dl ten hours after exposure. Other parameters were unchanged.

Gross pathologic findings--The liver from the heifer was markedly

enlarged, purple-black Ui. color and on cut section was friable and severely

congested. The gall bladder contained dark red bile. The wall of the gall

bladder was aarkedly thickeaed due to edema. This edema extended into

adjacent pancreatic and mesenteric tissue. All esenteric lymph nodes were

enlarged (2 X normal size) and cortices bulged on cut section. Ingesta from

the ruen, reticulum and abomasum was watery greeu with a grainy texture much

i/5
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like the algal bloom itself (Fig 2). There was scant evidence of ingesta in

the intestines. The jejunum contained a small amount of thick dark-red

material. A small amount of clotted blood was present in the colon. The

kidneys were slightly pale.

Histologic findings--runinal, owasal, and abomasal contents from the

heifer contained large numbers of clumped Mij xcijst aeruuinosa cells

similar to those seen in the pond (Fig 3).

In the liver there was severe hepatocellular dissociation, degeneration

and recrosis involving the entire lobule except for a rim of periportal

hepatocytes a few cells wide. The affected hepatocytes were widely separated

by a large number of red blood cells with a few scattered neutrophils (Fig

4). Central veins were frequently obliterated or contained free hepatocytes.

Severe subserosal edema was present in the gall bladder. The lymph nodes

were edematous and red blood cells along with a mixed population of

infleamatory cells were present in the sinuses. Hemorrhages were present in

the lamina propria of the intestines.

Other lesions, presumably present before dosing and therefore not

related to toxin administration, included moderate sublcute multifocal

interstitial nephritis, mild multifocal suppurative bronchiolitis and

moderate enteritis.

Algae and toxin identification--The green clumps of cells were

positively identified as Nicrjcjj jg (Fig 5) based on microscopic

morphology. When administered intraperitoneally to mice, 'he lyophilized

bloom caused death with massive hepatic enlargement (liver weight was 9% of

the body weight as compared to 5Z for control) and dark red discoloration.

The rurine LD50 for the lyophilized bloom was determined to be 10 mg/kg.

The purified compound, like toxins previously purified and characterized

from strain 7820 and AKERTOX, is a cyclic peptide and contains several
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similar amino acids (equimolar ratios of alanine, arginine, glutamate,

leuciue and beta methyl aspartate),j The purified toxin from the Monroe

bloom exhibited similar HPLC retention times as AXERTOX and the toxin

produced by strain 7M20 (Fig 6). Also, when equal amounts of Monroe toxin

and one of the other toxins were combined, the resultant peak was doubled in

siz:, symmetric and at a similar location. This pr-rified material was shown

to retain the toxicity of the lyophilized cells as it caused hepatic

enlargement and death when injected intraperitoneally in nice.

This report illustrates the potential hazard of f. j as a

hepatotoxin in dairy cattle. The diagnosis made following the field

investigation was supported by experimentally reproducing of the syndrome.

The hot, dry weather and stagnant water apparently supported the growth

of the toxic blue-green algae bloom as previously described. The signs of

anorexia, unresponsiveness, variable hyperthermia, recumbency, rumen stony,

shock and death seen in the field and/or in the heifer dosed experimentally

are cons.stent with those reported for sheep orally dosed with large amounts

of Migjoyg.ti bloom.I These signs are also consistent with massive liver

damage.

Elevations of AP, arginase, GGT and AAT activities all suggest a primary

problem of liver damage. The elevations of CPK and LDW, which are less organ

specific, could have been due to recumbency as well as to the liver damage.

The gross and light microp-opic evidence of /. j cells in the

ingesta of the exposed animals is an important finding for two reasons.

First, examination of wet preparations of ingest& by light microscopy at low

to medium magnification can be easily and quickly used in the field to

confirm bloo consumption. Second, the intact clumps of cells could be a

source of prolonged exposure of the animal to the toxin throughout the
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gastrointestinal tract. This evidence suggests, therefore, that attempting

to remove the toxin, or prevent its absorption vi, activated charcoal

adsorption, may be of potential benefit in the clinically exposed animal.

The intraperitoneal LD5 0 oi. 10 mg/kg estimated in mice for the

lyophilized bloom material vas lower than the approximate LD50 of 40 mg/kg

found for nice using other 1j. Ier £i''a blooms in this laboratory. The

prominent hepatic enlargement was t• ical of experimental H.

toxicosis in mice.6

Gross and histologic evidence of hepatic necrosis has been reported in

sheepI and mice 3 exposed to 1j. aerutinosa blooms. The pathologic effects

in the calf dosed in this study were coasistent with those previous reports.

The HILC correlation profile of the Monroe toxin indicates that it is

very similar or identical to tha hepatotoxins of strain 7820 (studied in this

laboratory) and AXERTOI isolated from another toxic 1. • bloom.

The retention times and symmetrical peaks for the combined toxins provide

further evidence that the toxins are similar. The initial s.aino acid profile

of the Monroe toxin was also quite similar to that oi previously characterized

cyclic polypeptide hepatotoxin&.J Yields from freeze-dried cells of the

Monroe bloom consistently were about 4 mg of toxin per gram of cells. This

compares with about I m of toxin per gram of cells for the laboratory strain

7820 and is thought to explain the difference in toxicity between the two

(i.e. 40 mg/kg for 7820 and 10 mg/kg for the Monroe toxic cells).

1. jgg•ig. toxicosis occurs under conditions favorable to the growth

and concentration of a toxic bloom, such as warm ambient temperatures,

stagnant water, high water nutrient concentrations and wind. Toxicosis should

be suspected when appropriate clinical signs, clinical pathologic and

postmortem lesions of massive hepatic necrosis along with evidence of bloom

consumption are present. This evidence may be apparent when animals have

will
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access to a potentially toxic bloom of algae and/or when clumps of Mcoystip-

cells found in the ingesta. For confirming a diagnosis, samples of the

ingesta and bloom should be split and a sm~ll portion (i.e. 5 ml) preserved in

an equal or ln~rger volume of 10% neutral buffered' formalin or dilute Lugol/s

solution .and the remainder (i.e. 500 ml) refrigerated (not frozen) and rapidly

shipped to a laboratory. These samriis can then be used for positive alga

idetntification and for proof of toxigenicjity by incuse 1Lioassay along vith

toxin isolation and ideutification.

At present, recoaamendes4 therapy cent .-rs on prevention of absorption and

support. Poisoned animals should immdiately be removed from the source to

prevent futt'-er exposure. lumen lavage Zollowed by oral administration ofP

activited charcoal many reduce absorption of the toxin although the benefit of

activated charcoal remains to be proven. Fluids, glucose and calcium given

intravenously may benefit the clinicall-' Affected animal.. Serum enzymes

(especially those reflecting liver status) should be monitored.

Y"
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TABLE I-Serum enzyme activities found to be significantly (p<.05) elevated in
dairy cove seven days after ingestion of 1j. gerusinos as compared to
unaffected but exposed and nonexposed groups of cows (Mean + S.D.).

Aspartate
Gamma Amino

Alkaline Glutamyl Transfer- Lactate
Group Tho sphatase Transpeptidase ase Dehydrogenase

Exposed-showing 195.1±26.8 201.3±28.8 138.9±15.5 1996.6±77.9
clinical sigps (au'7)

Exposed-no clinical 70.6±10.11 19.4± 1.7 56.1±14.2 755.1+49.3
signs (n-7)

Not exposed (n-3) 123.0±49.5 16.0+ 1.0 46+ 4.7 787.7±59.5



-129-

TABLE 2-Serum enzyme activities in a heifer orally dosed with f.jngnj

Aspartate
Gaimma Amino Lactate

Alkaline Glutamyl Transfer- Dehydro- Creatine
Phosphatase Transpeptidase ase genase Phosphokinase Arginase

Semple
Predouing

4 days 213 26 63 1636 188 6
2 days 146 22 47 1264 92 1
At dosing 120 19 46 1067 181 2

Postdo sing

3 bours 122 16 49 1058 286 4
6 hours 151 35 65 1101 295 11
9 bou~rs 253 59 ND 1744 359 180
10 hours 488 65 RD 2015 631 135
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FIGURES SUBMITTED FOR PUBLICATION

Fig I-The po-A in Monroe, WI contained a green grainy film of blue-green
algae that was wind concentrated to one side (A). The grainy material from
the pond water in a 100 x 15 mm petri dish (B).

Fig 2-Photographs of concentrated blue-green algae (0J. aerutgiposa&) bloom
illustrating taa pasty, granular appearance of the material from the pond (A)
and from the bovine rumen 10 hours after exposure to the toxic bloom (B).
100 x 15 = petri dish.

Fig 3--Characteristic cluster of J1. seruitioa cells from the pond (A).
These clusters give the bloom its grainy appearance. There was a lucent
calyx suirrounding the clus~ters of round cells. Similar clusters from
material obtained from the rumen of a heifer 10 hours after bloom ingestion
(3). Wet preparation under coveralip; X 20.

Fig 4-Bovine liver from experimental Ai. seus~ian.ua toxicosis shoving
heptocellular dissociation, degeneration and necrosis. Affected heptocytes
are separated by large numbers of red blood cells. Note disruption of
lobular architecture which is most severe in the centrilobular region (left)
with a lesser effect in the periportal area (right). Hematoxylin and eosin;
x 20.

Fig 5-Scanning electron photomicrograph from a colony of Microcystis
atutigjoli cells (each cell is about 5 u in diameter) from the algae bloom in
Monroe; x 2500, SEK by A. S. Dabholkar.

Fig 6-The purified Monroe blue-green algae toxin has the same retention time
and correlates well with previously isolated 1Jj.azi. hepatotoxins
AZERTOX (A) and strain 7820 (3). Arrow -injection time.
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EFFECTS ON MALE MICE OF ONE OR TWO INTRAPERITONEAL DOSES

OF A HEPATOTOXIN PRODUCED BY MICROCYSTIS AERUGINOSA

Randall A. Lovell, DVN, Val R. Beasley, DVM, PhD,

Wayne N. Carmichael, PhD. Andrew M. Dahlam, BS

INTRODUCTION

Microcystis aeruginosa, a freshwater cyanobacterium, produces a hepato-

toxin which causes livestock and wildlife poisonings In both northern and

southern temperate latitudes (1). Animal poisonings often follow ingestion of

wind-aided accumulations of toxic cyanobacterial blooms along shorelines of

ponds and lakes (2). Strains of Microcystis aeruqinosa produce a cyclic hepta-

peptide, termed "microcystin," which is comprised of 2 variant L-amino acids,

3 invariant D-amino acids, a N-methyl c, 5-dehydroamino acid, and an extremely

nonpolar 20 carbon B-amino acid known as ADDA (3). The microcystin used in

this experiment was derived from Microcystis aeruqinosa laboratory strain 7820

and contained leucine and arginine as the 2 variant L-amino acids (3). Thus,

"7820 microcystin" is chemically equivalent to cyanoginosin-LR (4). Although

the exact mechanism of the hepatotoxic action of 7820 microcystin is unknown,

it has been postulated that the hepatotoxin may destabilize the liver cyto-

skeleton (8,9). It has been suggested that animals given this toxin die from

hemorrhagic shock due to acute liver hemorrhage (5).

The major purposes of this experiment were: (a) to establish a 24-hour IP

LDso., a "consistently lethal" IP dose, and a "consistently sublethal but toxic"
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IP dose following a single administration of *purified" 7820 microcystin; (b)

to assess whether a sublethal dose of 7820 microcystin provides a protective

effect from a subsequent, "consistently lethal" (on a single-dose basis) IP

dose of 7820 microcystin administered approximately 48 hours later; and (c) to

compare liver and combined kidney weights, survival time, clinical signs, and

gross necropsy findings of control mice with those of mice following 1 or 2

hepatotoxin administration(s).

1MATERIALS AND METHODS

Doses were based on the weight of the 75% pure material, rather than on the

weight of the toxin present. High doses of the contaminants present were test-

ed in our lab by IP administration to mice, and did not demonstrate significant

toxicity.

The day before dosing (Day 0), 0.15 ml of a stock solution (which cor-

related to 75.0 pg of 7820 microcystin of approximately 75% purity) was placed

in a volumetric flask; physiologic saline was added to total 50 ml. The dosing

solution was transferred into a 75 ml dark vial, capped, and stored in the re-

frigerator. Stability studies in our laboratory indicate that the hepatoxin

does not significantly degrade for several days under these conditions.

The study used 60 male Balb/C mice weighing 20 to 35 g. After a 2-week ac-

climation period, each animal was randomly assigned to 1 of the following 6

beginning treatment regimens: tap water control or 20, 25, 30, 35, or 40 Pg of

7820 microcystin/kg (n - 10 for each treatment g-lup). Mice were weighed to

the nearest 0.01 g immediately prior to dosing. -he dosing solution concentra-

tion (1.5 tg 7820 microcystin/ml) was chosen so that correct IP doses could be

delivered despite the small differences in dosage (5 )ig 7820 microcystin/kg)

between treatment groups.

MlI
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On Day 0, all 60 mice were dosed. Mice that died within 24 hours (in

treatment groups a, b, and c; Table 1) following a single microcystin admin-

istration were necropsied and comprised the single dose lethal response group.

In addition, five randomly chosen control mice (treatment group f; Table 1)

were killed and necropsied.

On Day 1, 12 mice were killed and necropsied to assess the sublethal ef-

fects of 7820 microcys'tin. These 12 mice were randomly chosen fron the 6

beginning treatment groups containing greater than 5 survivors. These 12 mice

(of treatment groups c, d, and e; Table 1) comprised the single dose sublethal

response group. Five mice remained from each of the above-mentioned treatment

groups for the repeated exposure study.

On Day 2, 48 hours after the initial dosing, all remaining mice were re-

dosed using the same techniques and dosing solutions used on Day 0 to examine

the effects of repeated 7820 microcystin exposures. The surviving hepatotoxin-

treated mice were reweighed and given 40 pg 7820 microcystin/kg. The remaining

5 control mice were reweighed and again given tap water at a volume equivalent

to that of the 40 pg 7820 microcystin/kg dose. All mice that died (if moribund

mice were assessed as dead) within 24 hours following repeated microcystin ad-

ministration were necropsied and comprised the second dose lethal response

group (in treatment groups h. i, 3, and k; Table 1). The 5 remaining control

mice (treatment Croup g; Table 1) were killed and necropsied.

On Day 3, all mice still alive 32 hours after the second IP hepatotoxin

dosing were killed and necropsied. These 3 mice (treatment group I; Table 1)

comprised the second dose sublethal response group.

Monitoring for clinical signs was conducted for 10 hours after the Day 0

and Day 2 hepatotoxin dosings. At the start of Day I and Day 3, clinical signs

were also recorded for the survivors.

j ,11 N I
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All mlce killed were subjected to cervical dislocation. Necropsies were

performed within 30 minutes of death or euthanasia. Liver and combined kidney

weights were obtained. The gallbladder was considered part of the liver

weight; and perirenal fat was removed from the kidneys prior to weighing.

Kidneys, liver, heart, lung, and spleen were preserved in 10% buffered forma-

lin for histopathologic examination.

One mouse in the 35 pg/kg treatment group died unexpectedly during the

night of Day 1. His organ weight results are not shown since more than 30

minutes likely elapsed after death before a necropsy was performed. This mouse

was alive for the 24-hour LDso calculations.

STATISTICAL ANALYSIS

To assess whether overall control observations could be combined, student's

t-test (a - .05) was used to compare liver and combined kidney weights ex-

pressed as percentages of live body weight (M BW) between the 2 control groups

given I or 2 IP tap water doses (treatment groups f and g; Table 1). Covari-

ate analysis will be used in the evaluation of the data generated to assess the

interactions between dose, survival, organ weight, etc. Some of the methods

described below represent preliminary data assessment only. Student's t-test

(a - .05) was used to compare survival times (following the most recent hepa-

totoxin administration) of the single dose lethal response group (combined

treatment groups a, b, and c; Table 1) and the second dose lethal response

group (combined treatment groups h, I, J, and k,; Table 1). A one-way analysis

of variance (C - .05) was used to compare liver and combined kidney weights (as

% BW) between treatment qivoups within response groups (to compare treatment

groups a, b, and c with.i, the single dose lethal response group; to compare

treatment groups c, d, and e, within the single dose sublethal response group;

* and to compare ;reatment groups h, I, J, acd k, within the second dose lethal

7/
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response group). A one-way analysis of variance (a - .05) and Duncan's New

Multiple Range Test (a - .05) were used to compare 'lver and combined kidney

weights (as % BW) from the 5 distinct response groups: (1) single dose lethal,

(2) single dose sublethal, (3) control, (4) second dose lethal, and (5) second

dose sublethal. The method of Miller and Tainter was used to calculate the

LDso ± its standard error (6).

RESULTS

Typical clinical signs observed in mice that ultimately died from the

effects of 7820 microcystin included "normal behavior" for at least 20 minutes

after the most recent hepatotoxin administration followed by reductions in

activity and responsiveness, piloerection, pallor of ears and eyes, and sternal

recumbency with intermittent attempts to rise. These were followed by a mori-

bund appearance and death. Survival times are shown in Table 1. No seizures

or hyperexcitability were observed. No clinical effects (other than equivocal

mild depression and anorexia) were noticed in any control or sublethally dosed

mice during the observation periods.

Necropsy Findings

No gross lesions were found in livers of the control and single dose sub-

lethal response groups. Multifocal pinpoint reddened areas were seen in the

livers of the 3 mice in the second dose sublethal response group. Thcse were

particularly evident near the margins of the liver lobes. Livers of the single

dose lethal and second dose lethal response groups appeared similar on gross

examination. The livers were greatly swollen, dark. red in color and exuded

blood when cut. No significant lesions were detected in the lungs, kidneys,

heart, or spleen of any mice on gross examination.

ijý
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Organ Weights

Table 1 illustrates the organ weight data obtained from the 11 treatment

groups (a through k) and the 5 distinct response groups observed in this ex-

periment. There were no statistically significant differences between the 2

control groups (treatment groups f and g; Table 1) for liver (p - .068) and

combined kidney weights (p - .5094) (as % BW). Thus, the 10 control obser-

vations were pooled to provide the best estimate for these 2 parameters. From

the initial dosing portion of this experiment, we established a 24-hour IP

LDso of 32.5 + 1.2 pg for the 75% pure 7820 microcystin/kg, a 24-hour consist-

ently lethal (10 of 10 died) single IP dose of 40 pg/kg and a 24-hour consist-

ently sublethal (0 of 10 died) single IP dose of 25 pg/kg for male Balb/C mice.

Interestingly, Table 1 indicates that each response group mean for liver weight

(as % BW) significantly differed from those of the 4 other response groups when

analyzed by the conservative Duncan's New Multiple Range Test (a - .05). Con-

trol animals had the lowest liver weight (as % BW) and mice that died had the

highest liver weights. Table 1 also indicates that combined kidney weights (as

% BW) in both the lethal response groups were significantly greater than those

in the control and sublethal response groups. Combined kidney weight data for

the single dose lethal and second dose lethal response groups as a function of

survival time are presented in Figure 1. Assessment of the combined kidney

weight data (as % BW)) from the 10 mice with the shortest survival time (after

the most recent hepatotoxin administration) revealed that 7 of them had values

less than 1.56% (less than 2 standard deviations above the mean value for the

control mice). All of the remaining 24 mice from either lethal response group

had values for combined kidney weights (as % BW), greater than 1.56%.

r)
I •



-137-

A "protective effect" was seen in 3 of 5 mice which survived a 40 jig/kg IP

dose of 7820 microcystin approximately 48 hours after being given 30 Pg hepa-

totoxin/kg IP. This 40 pg/kg dose had been consistently lethal In 10 of 10

"virgin mice." Also, mean survival time (in minutes after the most recent he-

patotoxin dosing) of the 14 mice comprising the second dose lethal response

group was approximately 2.1 times greater than that of the 20 mice in the

single dose lethal response group (392 vs. 189 itlnutes), although the dif-

ference was not statistically significant (p - .1501).

DISCUSSION

Although covariate analysis is needed, for preliminary use in this report,

the data were statistically analyzed by response groups and not by treatment

groups for the following reasons: (1) Each animal within a particular response

group underwent the same pathophysiologic process (death or survival) following

I or 2 doses of hepatotoxin. (2) There were no significant (a - .05) treatment

differences between treatment groups within a response group for liver weight

(as % BW): single dose lethal response group, p - .0735; single dose sublethal

response, p - .9092; second dose lethal response group, p - .9309 when analyzed

by a one-way analysis of variance. (3) There were significant treatment dif-

ferences between treatment groups within a response group for kidney weight (as

% BW): single dose lethal response group, p - .0047; single dose sublethal

response group, p - .3983; second dose lethal response group, p - .3353 when

analyzed by a one-way analysis of variance. However, Figure 1 clearly il-

lustrates that the differences in combined kidney weights (as % BW) were li.kely

associated with differences in survival time between treatment groups. (4)

There was no apparent association between decreasing hepatotoxin dosage and

increasing survival time in the mice of the single dose lethal response group.

In 11,
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The mean survival time of the 3 mice that died from a single 30 pg hepato-

toxin/kg dose was actually less than that of the 10 mice dying from a single

40 pg/kg 7820 microcystin dose (107 vs. 132 minutes). Thus, for the hepato-

toxin dosages used in this experiment, it was felt that comparisons between

response groups and not between treatment groups provided the most meaningful

analysis of the data. This is likely to be demonstrated using covariate

analysis.

An extremely steep LDso curve was evident in this experiment. A similar

dose-response curve was previously observed in sheep following intraruminal he-

patotoxin administration (7). The single consistently sublethal IP dose in the

mice of our experiment was 76.9% (25/32.5) of the LDso. The consistently sub-

lethal dose in the above-mentioned sheep study was greater than 90% of the

LDso. On a pg/kg basis, 7820 microcystin is one of the most potent compounds

known to man (6).

Liver weight (as % BW) increased dramatically in this experiment. The

single dose lethal response group had an average increase of 64% in liver

weight (as % 8W) when compared to the control group (8.45% of BW vs. 5.15% of

BN). This marked increase in liver weight within hour(s) following hepato-

toxin administration, appears to be caused primarily by hemorrhage and is

likely to account for death in mice from hemorrhagic shock. The significant

increase in liver weight (as % 6W) for the single dose sublethal re~nonse group

(x - 5.59), when compared to the control group (x , 5.15%) (Table 1), suggests

the following: (a) The IP single dose no effect level for "purified" 7820

microcystin is likely less than 20 pg/kg, even though no clinical signs or

gross necropsy lesions were observed in the 5 mice of treatment Group e (Table

1); (b) the significantly higher liver weights of the second dose lethal res-

ponse group as compared to the single dose.lethal response group may be due to

the additive effects of the single dose sublethal response upon the second dose

lethal response. -4
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Figure 1 suggests that the longer a mouse lives (especially between 70 and

200 minutes) following a lethal IP dose of hepatotoxin, the greater the oppor-

tunity for an increase in kidney weight (as % live BO). Since 7 of the 10 mice

which died in less than 120 minutes (Figure 1) had "normal" kidney weights

(less than 1.56% of the live body weight), then acute death caused by hepato-

toxin administration is not necessarily associated with an increase in kidney

weight in mice. The tire course of changes in organ weights and gross necropsy

findings suggests that the liver is the primary target c-gan and that the kid-

neys are secondarily affected following administration of 7820 microcystin. The

mechanism by which the increase in kidney weight (as % liver 8W) occurs is un-

known. Histologic examination of kidneys, liver, and lung may provide a better

understanding of the mechanisms by which these reported increases in organ

weights occur. Despite the intuitively obvious trend in the data, the wide

variation in times of death between animals treated with the hepatotoxin,

caused simple linear and multiple regression analyses to fail to identify a

statistically significant (C - 0.5) trend in the data in Figure 1.

During a prelir!"ary trial, a "protective effect" was seen in 2 mice which

survived a 30 pg/kg IP hepitotoxin dose and 3 days later survived a 35 pg/kg

or 40 pg/kg IP dose. In this experiment we again observed a "protective

effect" in 3 of 5 mice which survived a 30 pg/kg IP hepatotoxin dose and 2

Jays later survived a 40 pg/ky dose. Similarly, survival of toxin LR-injected

mice was improved when superi Aosed on carbon tetrachloride-induced sublethal

hepatic damage.(l0) However, in the present study. 3 treatment groups which

survived the first IP hepatotoxin dosing (Day 0) did not have any mice that

exhibited protection from the subsequent (40 pg/kg) 7820 microcystin dose (see

treatment groups h. J, and k in Table 1). Large variations in survival time

coupled with relatively small numbers of observations per response group may

II; 1 I~lg IIý 11111 1 111 11111 11
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have prevented the statistical recognition of an increase in survival time for

the second dose lethal response group when compared to that of the single dose

lethal response group. In single-dosed mice, 10 of 10 died after a 40 Pg 7820

microcystinlkg dose. In contrast (counting preliminary and formal study) 4 of

18 mice Opretreated" with 7820 microcystin survived a subsequent 40 pg/kg dose.

From the limited numbers In the repeated exposure portions of these experi-

ments. It is suggested that a minimal protective effect" from a "consistently

lethal" dose of 7820 microcystin is likely to occur only in mice surviving a

high (approximately 901. of LDso) sublethal dose of hepatotoxin given 48 hours

earlier. Deoxycholate, cholate, broamosulphophthalein and rifampicin given

prior to hepatotoxin (microcystin) administration were found to prevent hepa-

tocyte deformation in a dose-dependent manner (11), which suggested that a

bile acid carrier was likely to be active in microcystin entry into hepato-

cytes. Damage to the bile acid active transport carrier system from the first

hepatotoxin dose Is therefore a possible mechanism for the "protective effect"

observed in the present study.

In conclusion, following a single IP 7820 microcystin dose in mice, there

is an extreme dichotomy of values for liver weights (as % 8W). If mice survive

a single hepatotoxin dose, liver weights ranged from 4.82 to 6.04% of live body

weight. However, if mice died following a single hepatotoxin dose, liver

weights ranged from 7.84 to 9.16% of live body weight. This dichotomy in liver

weights, an extremely steep LD5 o curve and no definitive trend for increasing

survival time with decreasing dose of hepatotoxin suggests a tendency toward

an all or none type response.

VRB:bcb/593
lib:11/17/86
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TABLE 1

IP Dose of
70% pure No. Died No. Killed Mean Liver Mean Kidney

Hepatotoxin After Most After Most Mean Survival Weight as Weight as
Treatment k_._Lkq Recent Recent Time + SO % Live Body % Live Body
_jroup_ ODayQjA_ 2 IP Dose __JP Dose (Minutesl. wtigh I S_ Wgeih_ t

Single Dose Lethal Response Group

A 40 - 10 - 131 + 32 8.bb + .44 1.80 + .15
8 35 - -- 308 + 160 8.26 + .21 1.67 + .17
C 30 - 17 -. 58 8._24_.3 12

Combined Group Response 20 189 + 129 8.45 + .40 D"* 1.70 + .20 8**

Single Dose Sublethal Response Group

C 30 - - 2 *1554 + 105 5.40 + .14 1.32 + .10
0 25 - - 5 *1572± 49 5.62÷ .25 1.36 + .13
E 20 - 5 *1601+ 50 5.59_.. 4 1.46 .15

Combined Group Response 12 1581 + 56 5.59 + .33 8 1.40 + .15 A

Control Group

F 0 - - 5 *270 + 80 5.31 + .30 1.34 + .14
6 0 0 - *342 ; 9 4.99 +-.17 1.39_.t .0 4

Combined Group Response 10 306 + 66 5.15 + .28 A 1.36 + .10 A

Second Dose Lethal Response Group

H 35 40 2 - 227 + 206 9.01 + .96 1.46 + .36
1 30 40 2 - 839 * 965 8.93 ± .40 1.70 ; .13
. 25 40 5 - 529 + 558 8.95 + .11 1.83 + .15
K 20 40 -- 142  58 8.74 3ý9 1.14 t .26

Combined Group Response 14 392 ± 488 8.88 ± .54 E 1.72 + .24 B

Second Dose Sublethal Response Group

1 30 40 - 3 *1934±6 6.67 + .29 C 1.33 + .06 A

* - Killed by cervical dislocation

- Means with different letters were significantly different (c - 0.05).

VRB:1 lb:bcb/593
11/17/86
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Figure 1
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DETERMINATION OF ARGINASI ACTI.VITY IN TWELVE TISSUES AND
SERUM FROM MARKET WEIGHT SWINE BY A DIRECT COLORIMETRIC MEITHOD

Randall A. Lovell, DVM
Walter 1. Hoffmann, DYM. PhD

Liss A. Lund, DVM-
Val R. Beasley, DVM, PhD
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Results

Discussion

in all ureotelic organisms. arginate is an important hepatic enzyme that

catalyzes the hydrolysis of the guanidino group of arginine to generate

oruithine and liberate urea as an end product of nitrogen metabolism (1.2).

The -arginase catalyzed reaction is also the first in a series of reactions by

which some microorganisms mobilize arginine as a nitrogen source(2).

Manganese forms tight complexes with arginase. provides stability and

functions in the catalytic center( 2). Ornithine and lysine are potent

competitive inhibitors of the reaction of arginine with arginase(l). In the

rabbit liver. arginase has a molecular weight of 110,000 and is located in the

cytosol(3). The half-life of arginase in the rat li ver is around 96

bours(1 .2).

Regulation of liver arginase can involve a change in either synthesis or

degradation. Liver arginase activities increase in starved or glucocorticoid

dosed animals due to reduced degradation of the enzyme. Provision of a diet

rich in Protein is eassociated with increased synthesis of arginase(1).
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Although arginase has been shown to be almost exclusively liver specific

in the ox, sheep, horse, rat and dog(3), no quantification of arginase

activities of various body tissues and fluids could be found for swine.

NATERIALS AND MSTODS

a. Animal Scifens

The tissues of six market weight (G75-220 lbs.) Yorkshire and

Yorkshire cross gilts were kindly donated to us. Four of the six

gilts(2.3,4,6) had been spleenectomized and all six had been used earlier

in various research trials. The gilts were fed a corn/soybean based

diet. Before qualifying for use in the arginase study each gilt was

required to: a) live more than 100 days and gain more than 125 lbs. after

termination of their involvement in other trials b) be judged as

clinically healthy immediately prior to the present study and c) bear no

gross lesions observed during tissue collection. Immediately before

euthanasia a blood sample was collected from the jugular vein, placed on

ice,.and allowed to clot. Sermi was harvested following centrifugation

at 5000 x g for 10 minutes at 4°C.

All gilts were killed by captive-bolt stunning followed immediately

by exsanguination. Within 40 minutes of death of each gilt, the

following tissues had been placed on ice in tightly closed plastic bags:

liver, kidneys, adrenals, pancreas, lung, jejunal mucosa, heart (RlL

ventricles), brain (cerebrum and cerebellum), salivary glands (parotid

and/or maxillary), spleen (Silts I & 5 only), diaphragm (gilt 2 only) and

quadriceps muscle. The tissues from gilt 6 were divided into two groups,

*fresh" and "frozen".

b. Tissue Processing and Analysis

Following completion of tissue collection, all tissues from gilts I

through 5 and the "frozen" tissues from gilt 6 were chopped into small
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pieces, sealed in plastic bags and stored at -12°C. The "fresh"

tissues from gilt 6 were then chopped into small pieces, rapidly frozen

in liquid nitrogen and then blended into a fine homogenous powder using a

tissue blender. This "fresh" tissue powder (gilt 6 only) was held on ice

in a sealed plastic bag f or sane day analysis. Within two days of tissue

collection, the frozen tissues from gilts 1 through 6 were placed in

liquid nitrogen and blended into a fine hoaogenous powder. The powdered

tissues were sealed in plastic bags and returned to the -12 0 C freezer

for storage. For all gilts, serum, quadriceps, diaphragm, spleen and

salivary gland samples were analyzed for arginase activity 12 days after

tissue collection; adrenal, brain, lung and heart were analyzed on day 13

and kidney, liver, pancreas and jejunal mucosa were analyzed on day 14.

On the day of arginase analysis one gram of the frozen tissue powder

vas weighed into a tissue pulverizer. Nine al of physiologic saline was

added to the tissue to aid in its disruption by manual force usins a

glass rod. After complete disruption of visible tissue structure, the

tissue homogenate was poured into a test tube. The tissue homogenate was

centrifuged at 40 C for 10 minutes at 500 x g, for rnmoval of

erythrocytas, nuclei, connective tissue and residual intact cells(4).

For all tissues, except liver, kidney and pancreas, 20 ul of this tissue

homogenate supernatant was used in the arginase analysis. For kidney and

pancreas a 10:1 and for liver a 50:1 dilution of the supernatant with

saline was required to obtain activity in the range of our standards.

Reagents mere prepared and the assay performed according to the

method of Mia & Koger(5).

C. Comyutation of Activity

Simple linear regression analysis of the five standard curves run

duriag days 12, 13 & 14 of this study provided five estimates of the
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slope and y intercept.

To convert mean absorbence into WIS~ f or each specimen, the

following determinations and formulae were used: W

Mean absorbence - the average of each sample run in triplicate and
averaged over duplicate blanks.

A meaz y intercept of .0198 was calculated from the five standard curves

I a sole / L
______________- -slope of the calibration curve which was calculated

.190 absorbence units from the five standard curves

50 MD / L
-conversion factor of u mole IL to enzyme units under

I a mole IL these test conditions

_________ is a conversion factor to allow for the amount of tissue
x grams of tissue analyzed and is calculated from adding 9 mis of

physiologic *aline to one or less grams of tissue so that
that x - 111.1 for brain. heart. lung, spleen, diaphragm, quadriceps, salivary
glands, adrenal and jejunal sucosa; z a 11.11 grams tissue per liter for
kidney and pancreas, due to the necessary 10:1 dilution and x - 2.22 grams
tissue per liter for liver, due to the necessary 50:1 dilution.

According to the definition of international units (ITS) for enzymes, I1UI
of arginase would produce 1 u sole of ornithine/ainute. Thus an ornithine
standard of 1 a sole / L is equivalent to I m mole IL X 1,000 u mzole/ m mole/
20 minutes - 50 u mole per minute per liter - 50 ITS L of serum under the
test conditions(5).

Therefore, [mean absorbence -y intercept] X

a moleI/L 50 1U /L L

.190 absorbence units 1 a mole / L Z grams of tissue

To convert mean absorbence into ID / L for each serm sample, the following
formulae were used:

I a olel/L 50IU / L
[mean absorbence - y intercept) x Z ___________ z______ /DL

.190 absorbence units 1 m mole / L
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The arginase calibration curve prepared with ornithine standards was

calculated to have a slope of .190 _ .0146 absorbence units per a mole per

liter and a y intercept of .020 + .031 absorbence units. All five standard

curves had a correlation coefficient of greater than .9%9.

The mean, standard deviation (SD) and range of the arginase activity in

twelve tissues (IU/S) and seru (IU/L) from the six gilts are presented in

Table 1.

Table I
Tissue Mean I SD (IU/g) Range (IU/g) n

Liver 30.64 + 22.95 12.33 - 67.47 6
Pancreas 4.89 + 2.00 2.34 - 8.33 6
Kidney 2.91 + 1.42 1.01 - 5.22 6
Salivary Gland .44 ± .28 0.07 - 0.88 6
Jejunal Mucosa .42 + .14 0.21 - 0.57 6
Quadriceps .077 ± .080 -0.05 - 0.17 5
Lung .037 + .107 -0.04 - 0.24 6
Brain .004 + .015 -0.01 - 0.03 6
Adrenal .003 + .068 -0.07 - 0.10 6
Spleen .002 + .067 -0.05 - 0.05 2
Reart - .007 + .023 -0.03 - 0.03 6
Diaphragm .026 1

Serum - .10 + 6.35* -9.76 - 5.24* 6

* " IU/L
DISCUSSION

No data is presented from the Day I analysis of the "fresh" tissues of

gilt 6 for. the following reasons: (a) this was the first time the assay was

x-A in our laboratory for pigs; (b) the correlation coefficient of the

standard curve was less than our acceptance limit (.985); (c) the liver,

pancreas and kidney absorbence readings were greater than the highest

absorbence reading on the standard curve; (d) the difference between

absorbence of the reagent blanks was 2 1/2 tims greater than our acceptance

/
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limit (.016). This "practice run" nevertheless proved invaluable, since we

learned the intricacies of the method and which tissues would need to be

diluted and by roughly what amount for the analyses on Days 12, 13 and 14.

The twelve tissues collQcted from the 6 pigs in this study contained

arginase activity in the following descending order: liver >> pancreas >

kidney >> salivary gland - jejunum >> quadriceps, lung. diaphragm, brain,

adrenal, spleen and heart.

Gilt 6 was the only animal in this study with more arginase activity per

grm of kidney than per grm of pancreas and the only gilt with significant (>

.06 IU / g) arginase activity in lung tissue. These results were present in

both the fresh (Day 1) and frozen (Days 13 and 14) tissue analysis of Gilt #6.

From Table 1 it is evident that only the liver, kidney and pancreas contain

appreciable amounts of arginase. The liver contains approximately 6 times

more arginase activity per grm of wet weight tissue than the pancreas and

approximately 10 times more than the kidney. The salivary glands and jejunal

umnsa contain minimal amounts of arginase activity. The large variation seen

in salivary glands could be due to differences between maxillary and parotid

glands as we collected parts of both during tissue collection. The quadriceps

probably contains a very minute amount of arginase activity since 4 of the 5

samples had a mean activity of between .062 and .17 IU/g while the fifth

sample showed a negative mean activity. The serum, brain (cerebrum and

cerebellum), adrenal and heart (RiL ventricles) contained inconsequential

amounts of arginase activity in the swine of this study. Why the lung tissue

of gilt 6 was the only one to show significant arginase activity is unknown.

The activity observed was, however, only a very small percentage of that found

in the liver, kidney and pancreas. From the very limited sample size it

appears.that the spleen and diaphragm also contain negligible amounts of

arginase activity.
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Arginase activity appears to be much lower in swine liver (30.64 IU/g) in

comparison to the five species (dog, rat, horse, oz and sheep) in which its

activity has been reported. In Boyd's reviei (3), liver arginase activity

ranged from 110.0 IU/g in sheep to 445.0 IU/g in the dog. Despite this lover

activity, the results of this study indicate that arginase activity in swine

could easily be called "liver specific." Although renal and/or pancreatic

dmage could contribute to or cause a moderate elevation in serum arginase

activity in swine, liver damage is by far the most likely source of elevated

arginase activity in swine, especially if one takes organ weights into

account.

MEW-
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OVERVIEW OF FIRST TEAK STUDIES IN GILTS FOLL~IWIUG MCPATOTOZIN ADMINISTRATION

Randall A. Lovell, MY
Val 1. Beasley, DM, PhD

Gregg Lundeen, PhD
Ken Holues, PhD
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Discussion

suspected poisoning by freshwater algae was reported over a century

&g.Livestock and wildlife deaths ttue to consumption of toxic blue-green

algal bloc are most frequently repoted in northern end southern temperate

2oes Of the algae reported to produce toxic ef fects, Nicroyj.tj

.aerusiP9.M. is probably the most frequent Wofender. 3

-The major goals of the f irst year of this study ware a) to gather

Preliminary physiologic, pathologic, clinical pathologic and toxicologic

information in swine following intravenous administration of purified 7820

microcystin. b) to become prof icient in placing catheters in the left-atrium,

pulmonary artery, aorta and inferior vena cave in anesthetized gilts, c) to

purchase and learn the intricacies of operating a state-of-the-art blood gas

and electrolyte machine and a cardiovascular analyzer unit, and d) to develop

techniques whereby the temperature pulse decay probe *yet= can be safely

utilized in unanesthetized animals.
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MATERIALS AND- MEODS

Two littermate gilts were dosed with hepatotoxin to gather initial

dost-respounse and pathophysiologic information. One gilt was dosed orally

with whole algal cells and another was dosed intravenously with "purified"

7820 microcystin.

Four gilts have been utilized in the teamperature pulse decay (TPD) probe

research. While under anesthesia, two gilts were Luplanted with TPD probes in

the liver and kidney; and blood flow was monitored before and after

hepatotoxin administration. Two gilts were involved in developing techniques

aimed toward using the TPD probes in awake animals.

Experiments were conducted on 11 healthy gilts (Table 1) weighing 24.0 to

55.5 kg in order to evaluate hemodynamic and blood chemistry alterations

induced by 7820 microcystin. Blood gas, serum chemistry and complete blood

count (CBC) parameters were measured and clinical signs observed in each gilt.

Hemodynamic measurements included aortic systolic, diastolic and mean

pressures; left atrial, pulmonary artery and jugular vein mean pressures and

cardiac output. Monitoring of heart rate and ECC was also conducted.

Sixteen and eighteen gauge Tygon catheters for hemodynamic monitoring

were surgically implanted in these 11 gilts while under halothane anesthesia

using methods previously described. 4 ' 5 Before qualifying for hepatotoxin

dosing, these 11 gilts were required to be at least two weeks post-thoracic

surgery, 6 kg heavier, and healthy on physical examination. On the day of

dosing, all gilts had their subcutaneously buried catheters exteriorized

following local infiltration of 2% lidocaine. At least 2 1/2 hours elapsed

between the lidocaine injections and iv hepatotoxin administration. Fifteen

to eighteen ml of a 7820 microcystin-ethanol-physiologic saline solution was

injected into the pulmonary artery over a 40-90 second period.
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In the TPD probe study using anesthetized gilts, liver perfusion rapidly

declined approximately 10 minutes after toxin administration and approximately

10 minutes prior to an abrupt fall in arterial blood pressure. In contrast,

local kidney perfusion appeared to be directly correlated with changes in

arterial blood pressure.

Striking hypoglycemis, life-threatening hyperkalmia and markedly

elevated phosphorus concentrations were revealed by analysis of serum samples

collected at the time of death in the seven catheterized gilts which died

following hepatotoxin administration. Elevated serum bile acid concentrations

appear to be the f irst indicator of liver damage. Elevations in creatinine

phosphokinase, aspartate amino transferase (SGOT), arginase and total

bilirubin concentrations consistently followed the rise in bile acids. Table

2, from gilt # 1583, typifies above mentioned increases/decreases in parameter

values. A slight decrease in platelet numbers was observed in gilts 1261 and

1560.

Although the time course and degree of changes in blood-gas parameters

varied, the direction of change was consistent in the seven catheterized gilts

that died following 7820 microcystin administration. Arterial blood pH,

PaCO2 , base excess0 -HC0 3 , and total CO2 decreased in a manner highly

snggestive of metabolic acidosis. Body temperature and PaO2 levels appear

to increase with time after dosing.

Every catheterized gilt which died following hepatotoxin administrati6n

developed marked hyperpnea, lethargy, cool extremities, cyanotic mucous

ambranes and apparent abdominal pain with multiple vomiting/retching episodes

often preceded by bruxism (teeth grinding).
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The results of changes in hemodynamic parameters will hopefully be

presented in our next quarterly report. An "artificial spike" has led to a

complete reevaluation of previously reported aortic systolic and pulse

pressures. We believe further review of this preliminary hbmodynamic data is

needed before presenting an interpretation.

Despite minor difficulties (result interpretation*, recovery from surgery

and learning to use new equipment) such has been accomplished in the first

year of this project. From these preliminary gilts we have a very good idea

of the consistently lethal and consistently toxic sublethal iv dose of

purified 7820 nicrocystin which will be used in our formal study. We believe

that the liver is the prizaryy target organ of 7820 microcystin and that pigs

die from a combined effect of hemorrhagic shock following pronounced

centrilobular hepatic hemorrhage, hypoglycemia, and hyperkalemia. We now have

an adequate supply of > 95% pure 2780 umicrocystin, have worked out several

problems in surgical techniques and have purchased state-of-the-art

computerized equipment. Finally, we believe that SPF gilts will provide a

highly satisfactory model for studying the effects of a purified toxin

produced by the blue-green alga, *i 2sti u,
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Table 1

Dosage of Survival
lepatotoxin Z Purity Time Weight

Pist (uf2kf) •euatotoxin (minutes) (kit)

863 492 75 47 29.8

807 64 75 *1240 30.7

874 128 75 257 43.2

1061 96 75 195 30.0

1032 64 75 1046 31.1

1193 0 RA *1600 28.6

1261 64 75 510 55.5

1560 32 >95 243 28.75

1583 24 >95 325 24.0

1662 16 >95 *1600 24.75

1672 16 >95 *1600 24.5

*Killed by electrocution
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Table 2

Bile Acids CPK Arginase Total Bilirubin SGOT
Timin (Wll) (u/l) (IU/l) (mg/dl) (u/1)

Predose 4.8 627 0 0.2 47

30 3±3. 9.3 615 1 0.2 45

60 min. 6.2 537 1 0.3 47

120 usin. 55.8 649 8 0.5 68

240 sin. 60.7 1164 460 0.6 451

325 sin. 110.0 3100 1432 1.1 2090
(tern)

Glucose Potassium Phosphorus
Time (ag/dl) (seq/l) (agldl)

Predos. 89 4.0 8.3

30 sin. 108 3.3 8.0

60 sin. 135 3.4 8.0

120 sin. 83 4.2 8.5

240 uin. 49 4.8 9.4

325 sin. 5 9.1 13.5
(teis)
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Un IJYICTS OF 7620 KICROCYSTIN, A CYCLIC UPTAPUPTIDE TOXIN
lICK flIMXMfl1 AM I Ais TnIN AT

Stephen S. looser, Wanda Raschek-Eock, Val t. fleas leyr

Introduction

Materials and Methods
1. Animals
2. J~atbologic examination
3. Acute toxicity and LD50 determination for microcystin in rats
4. Sequential morphologic and serum cheistry alterations in male rats
5. Acute toxicology and sequential morphologic alterations in mice dosed

with 7620 sicrocystin
6. Statistical analysis

Results
I.. Acute'toxicity of and LD s determination for 7820 microcystin in

rats
2. Sequential morphologic and serum chemistry alterations in sale rats

administered 7820 sicrocystin
3. Seima chemistry alterations
4. Sequential morphologic alterations in mice dosed with 7820

nicrocystin

Discussion-

The hepatotoxicity of the cyclic heptapeptide -produced by the blue-green

alga. microcretis aegaingj" has been documented from field cases involving

sheep and cattle, has beenf implicated in human toxicoses folloving growth in

reservoirs, and ha~s been experimentally reproduced by dosing sheep, mice, and

rats with whole cells or crude cell extracts. 1-8 However, the pathogenesis

and exact mechanism of action are not known. It has been hypothesized that

liver damage, which begins centriiobiilarly and* progresses periportally, may be

due to venous hypertension caused by massive pulmonary embolism7 or due to a

direct hepatotoxic effect. Death is postulated to be caused by hypovolemic

shock associated with hepatic necrosis and hemorrhage or due to pulmonary

ebolism and subsequent venous hypertension, reduced cardiac output, and

Circulatory collapse.
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Pat or studies. rats and mica were chosen ase test animals because of

their uniformity aind their convenient sizes and cost. Also, their normal

values over a wide range of parameters and their responses to a wide variety

of substances have been established, allowing comparison to the effects of the

toxin being studied. In addition, many in vitro procedures utilizing rat

hepatocytes in cell culture and suspension have been developed which will be

utilized in the course of future experiments.

In the present studyq we characterized the acute toxicity of the purified

heptapeptide hespatotoxin, microcystin. produced by the laboratory strain 7820

of Hiroygjtjp gg juig" with respect to clinical signs and morphologic

changes. We compared the toxicity of purified hepatotoxin; (a) in male and

female rats; (b) at lethal and supralethal doses; and (c) in mice and rats.

In addition, we characterized the sequential morpholo~ic and clinical

pathologic changes occurring in sale rats with the hepatotoxin uit the lowest

dose found to produce 100Z lethality (160 uglkg).

1. ual

Male and female, virus-free, 175 to 200 g Sprague Dawley rats were

obtained from Harlan Sprague Dawley, Inc. (Indianapolis, IN) and allowed

to acclimate for two weeks or longer before use. Adult, female, Balb/C,

mice, raised in our own colony, were also used. Animals bad free access

to a commercial lab chow and water, and were maintained OIL a 12-hour

light-Idark cycle.

Rats and mice were randomly assigned to the various dose groups

immediately before dosing and given free access to water until

termination of the study.
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2. ?atholotic eammination

Aaimlal dying spontaneously or killed following treatment were

iinmdiately necropsied. Animals were anesthetized with other and killed

by exsanguination. The liver, kidneys (with adrenals),* and spleen were

weighed. lungs were fixed by intratracheal instillation of 10% neutral

buffered formalin. Sections of liver, lung, kidney, spleen, and thymus

from all animals an veil as brain, heart, adrenal gland, small and large

iatestine, pancreas, urinary bladder, skeletal muscle, and eyes of rats

from the &cut* toxicity study were fixed by i~mersion in 10% neutral

buffered formalin. The tissues were then processed routinely, embedded

in paraffin, cut at 4 to 6 am, stained with hematoxylin and eosin and

examined by light microscopy.

3. Acute toxicity of sand LD.. 0 determination for 7820 microcystin in rate

All animals were weighed immediately prior to ase. -7820 Microcystin

from strain 7820 of Hijczoslutj seu~gines, of approximately 95% purity,

was provided by Dr. Wayne Carmichael of Wright State University. Male

rats were given an intraperitoneal injection of 7820 microcystin.

dissolved in 0.9% NaCl at the following doses (number of rats in

parentheses); 20 (3). 40 (3), 80 (3), 120 (3), 160 (8). 130 (3), 200 (3),

240 (2), and 400 tag/kg (3). The actual volumes of toxin and saline

administered ranged from 0.1 to 1.0 al. Animals were then observed for

clinical signs of toxicosis for at least 24 hours. Similarly, female

rats (three per group) were given an ip injection of 7820 microcystin at

0, 40, 80, 120, or 160 wig/kg. Ainimals dying spontaneously were

immediately nacropsied. The remaining animals were killed by ether

anesthesia and necropsied five days after treatment. Male rats dosed

with 20 ag/kg of the toxin were killed and necropsied 12 days post douing

to serve as rough controls.
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In additiom, the clinical cow"s and toxic ef fects of vany ';igh

doses of 7820 aicrocystia were determined in sale rats. Rats (three per

group) were given a single ip injection of 7820 at the following doses:

0 (2 al of the vehicle. 0.91 KaCi) 400, 800, or 1200 uglkg. All animals

were necropsied i mmdiately after death, the controls being killed 24

hours after saline administration.

4. Seavmntial Morsholoesic and serumn chmistry alterations in male rats

lats were gives as ip injection of 160 ug/kg of 7820 aicrocystin

dissolved in 0.9Z IaCl and killed and at the following times (number of

animals in parentheses): 5 (2), 10 (2), 20 (5). 30 (5), 40 (5), 50 (2),

and 60(7)msins, and 3 (5). 6 (5), 9 (5), 12 (5), 18 (2), or 24(2)

hoars. Control rats were injected ip with 0.5 ml of 0.91 MaCl and killed

at 60 nine (3). and 12 (3) and 24 (3) hours. Blood samples were

collected by cardiac puncture and immediately placed in serum tubes or4

tubes containing IDTA as an anticoagulant, and put on ice. Clotted serum

samples were centrifuged within one hour, the clot was removed, and the

samples were frozen until analyzed. geru chemistry evaluation included:

creatinine (ug/dl) * blood urea nitrogen (SUN. ugldl), total protein

(T.?., gm/dl), albumin (Su/dl), calcium (ug/dl). phosphorus (mg/di),

sodium (u~q/dl) * potassium (n~q/dl) * chloride (ukq/dl), glucose (ug/dl),

alkaline phosphatase (ALP, u/L) * alanine sainotransferases ((&LT)'serum

glutanic-pyruvic transaninase (SOPT)] (gIL, gam glutamyl transferase

(GGT, n/L), total bilirubin (ug/dl), albumin to globulin ration (A/G) and

sodium to potassium ratio.

5 * Acute toxicology' and geguential Morpholovic alterations in nice dosed

with 7920 uicrocvatin

resale nice were given an ip injecticn of 100 ug/kg of 7820

sticrocystin dissolved in 0.9Z ladI, and killed (2 per group) at 15. 30,



G0. amd 90 minutes, with three sic* surviving the 90 minute period

mecropaied Immdiately following spontaneous death.

6. StAtirtIcal analysis

Serum chemistry data were analysed using a oue-way analysis of

varianceb

1. Acxtet toxicity ogf and P_40 determination for 7820 microevstin in rats

Usle rats dosed at 20, 40. or 30 uglkg and female rats dosed at 40

ug/kg did not show any abnormal clinical sipns and had no gross or

histologic lesions. All animals which shoved clinical signs died and had

similar gross and histologic lesions irrespective of sex or dose.

Clinical signs in affected animals were limited to severe depression and

leth~argy which began several boars after toxin administration and

progressed in severity until the time of death. The time from injectioii

of the hepatotoxin to death varied from 20 to 32 hours in sales and

females and was independent of dose. Deaths (number which died/number

treated) in sales were as follows: 120 ug/kg, 2/3; 160 ug/kg. 7/8; 180

ug/kg, 3/3; 200 ug/kg, 3/3; 240 ag/kg, 1/2; and 400 ug/kg. 3/3. Deaths

in females were as follows: 80 uglkg 1/3; 120 ug/kg. 2/3; 160 ug/kg, 313.

Rats given at very high doses of 7820 nicrocystin 1400. 800, or 1200

ug/kg (3 animals per group)) died 6 to 8 hours following administration.

Clinical signs of toxicosis consisted of extreme depression and lethargy

beginning 4 to 5 hours after dosing and progressing until death. The

livers from all rats which died after administration of the hepatotoxin

were markedly dark red and appeared enlarged, particularly in those

receiving higher doses of the toxin (Table 1).

US Institute, SAS Circle, Cary, IC.
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Microscopic exalmine tioa of the liver revealed severe centrilobular

and aidsonal necrosis which was characterized by severes disassociation,

degeneration. necrosis, sand loss of bepatocytes within each lobule except

for a rim of periportal hepatocytes 3 to 6 cells wide. Some of these

periportal hepatocytes appeared normal, while others showed signs of

degeneration (pyknotic nuclei sand eosinophilic cytoplasm.). Degenerating

and necrotic hepatocytes in centrilobular and aid-zomal regions were

separated by amosrous erythrocy tes said abundant grsanular to homogeneous

material (c allular debris). Moderate numbers of neutrophils infiltrated

the ef fected areas. Occasional degenerate sand necrotic hepatocytes were

seen in central veins.

Microscopic examilnation of the kidney revealed that glomerular

capillaries were frequently dilated and contained mall plugs of

eosinophilic. finely fibrillar to homogeneous material which was often

f inely stippied with basophilic deposits. Cortical, tubular epithelial

cells were moderately vacuolated in many areas. Numerous tubules within

the cortex were mildly to moderately dilated, contained moderate smounts

of homogeneous, basophilic material. With very high doses there was

moderate tubular necrosis characterized by amorous, olultifocal areas of

epteildegeneration and necrosis with small smounts of luminal k

necrotic debris. Many tubules within the cortex contained moderate

smounts of homogeneous basophilic material.

On microscopic examination of the lung, many capillaries and

somewhat larger vessels were widely dilated sand contained eosinophilic

globular debris or intact cells which were often enmeshed within an

tosinophilic, finely fibrillar material. These cells, which appeared to

be hepatocytes, were large and rounded with abundant eosinophilic

cytoplasm and small, den"e, dark, rantrally located (pyknotic) nuclei.



2. Smaatial --- Igloet agd serum chMistry aI %erstions in Mal. rats

A~.inistered 7820 RicrgSvstin

Beginning approximately 40 to 60 minutes af ter treatment, the livers

from all hepatotoxin treated rats were very dark red and appeared

enlarged. Although liver weights varied throughout the study. after 40

to 60 sin., the livers of all microcystin treated rate grossly appeared

larger. Over the 24 hr. time period, the liver weights (as 2 of body

weights) f ru treated rats were significantly greater than those of the

saline treated controls. (Figure 1). So other gross lesions were noted

at any time. however. kidney weights (as Z of body weights) began to

incr ease at approximately 3 hours portdo sing. This increase continued to

the se of the study (Figure 2).

so microscopic changes were seen at 5 or 10 minutes following7

treatment. In the liver at 20 mine. in the liver there was mild

disassociation and rounding -p of centrilobular hepatocytes with mild

sinusoidal congestion. A few scattered hepatocytes were shrunken with

dark eoesiophilic cytoplasm and clumping of nuclear chromatin. By 30

emns there was moderate centrilobular hepatocyte disassociation with mild

hemorrhage involving the majority of centrilobular regions. Numerous- A.

hepatocytes were undergoing degeneration or necrosis, with cellular

fragmentation and karyolysis. Central veins were intact. By 40 mins, in

centrilobular and midxonal regions, hepatocyte disassociation,

degeuaration, and necrosis was more marked with moderate hepatocyte loss.

There was moderate centrilobular and aid-zonal hemorrhage with occasional

loss of central veins. These lesions progressed and, at 60 sins. there

was massive hepatocyte disassociation, degeneration, and necrosis with

severe hepatocyte loss and severe hemorrhage throughout the entire liver

lobule exept for areas approximately 6 to 7 cells wide, surrounding



portal. zegi~. Pauiportal bapatocytes occasionally onr disassociated,

a" sh vedild degemeration.

Prom. 3 to 9 bours, the lesions progressed to include all of th.

liver paresckyrna exept for a layer of periportal hepatocytes 1 to 3

calls wide. Fron 9 to 24 hours, there was a progressive reduction i.n the

suaber of cells and cellular debris within the hepatic parenchyma. Large

areas of hemorrhage were present xgm 12 to 24 hours.

la the kidnemy, occasional cubales within the osrtez contained small

aounts of bomogeneous, basophilic material beginnin at 60 ainut Os, and

progressing until. 18 and 24 hours, at which tixe =wtrous cortical

tubeles contained moderate amouts of this material. At 9 and 12 hours,

smll amounts of easinopbilic, fibrillar material with Ivlze basophiA"ic

stippling (mineralization) wee present within scattered glomerular

capillaries and; by 18 and 14 hours, nmerous glameralarcailre

contained moderate amounts of this amw terial.

In the lung, beginning at I hour. scattered capillaries and

arterioles contained sesinophilic granular debris or intact rounded cells

with abundant oosisophilic cytoplam and pyknotic nuclei. These appeared

to be bepatocytes. Irom, 3 to 9 hours. ninrous capillaries and .

arterioles contained increasing numbers of these intact cells while from

9 to 12 bours, the number of cells was decreased, but large amounts of ~

globular, sesinophilic usterial. (presumably necrotic cellular debris)

were present. At 18 anid 24 hours, fewer intact cells were seen

intrawascularly and the amout of eosinophilis. globular miaterial also

decreassed.

3. h= hL sty AtastaL

Statistically significant increases from control values were seen in

liver related ezymes and is parameters evaluating remal function.
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beginning at 40 minutes, there was a marked increase in ALT which

continued until the end of the study (Figures 3 and 4). ALP was markedly

elevated commencing at 6 to 9 hours (Figure 5). Total bilirubin was

elevated at 6 hours and was markedly increased by 9 to 12 hours (Figure

6). The BUN and creatinine were moderately elevated beginning at 9 to 12

bours and increase until the end of the study (Figures 7 and 8). The

blood glucose concentration markedly decreased over time and

phosphorous, although altered in a manner such that significant

differences were seen at individual time points, did not vary in a

consistent pattern over the 24-hour time period.
4. Aneutill apholotic alterations in mice dosed with 7820 microcystin

Mice which were killed, or died at or after 30 minutes, had livers

which were dark red and markedly enlarged. Liver and kidney weights

increased with time (Table 2). Histologic lesions were similar iz all

affected animals at the same time points. Mice killed at 15 minutes had

no significant microscopic lesions. At 30 minutes postdosing, mild

centrilobular disassociation (pavementation) of hepatocytes was seen, and

was occasionally accompanied by subcapsular congestion. By 60 minutes,

the hepatic lesion had progressed to severe cantrilobular congestion with

disassociation and rounding up of hepatocytes, and individual cell

necrosis. Repatocyte degeneration was characterized initially by

swelling, followed by increased cytoplasmic eosinophilia and nuclear

iyknoeis. One-third to oue-half of the lobules were affected. A few

seutrophils and lymphocytes were noted in affected areas. Free

hepatocytes were seen in several central veins. In the kidney, mild

lesions were first observed 60 minutes postdc 3ing and became more severe

by 90 minutes. These were characterized by mild dilation of cortical

tubules, and many containid eosinophilic granular to fibrillar material.
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Similar material yes occasionally noted in Doamnn's space and in

gloserular capillaries. No treatment related lesions were seen in the

lungs.

Based on our studies and those of others, the liver is the major target

organ of 7820 smicrocystin. The marked hepatocyte disassociation and massive

necrosis which occurred in rats in our experiments is similar to that reported

in mice and sheep. No difference was noted in the response of male rats as

comparcd to females, with no effect being seen below 80 ug/kg and virtually

104 lethality seen above 160 ug/kg. There is little apparent gradation of

hepatic response in either nice or rats. After single exposure, animals are

either clinically affected and die with massive liver destruction and

hemorrhage, or the animals are clinically unaffected and no gross or

histologic abnormalities are seen. In both rats and nice folloving ip

injection, histologic lesions are present centrilobularly in the liver as

early as 20-30 minutes. At 60 min., the histologic lesions in rats are as

severe as those seen in mice at 60 min. Kovever, nice die at 60 to 90 min.

postdosing, but rats survive for 18 to 32 hours. Even with very high doses of

7820 microcystin the survival time in rats is still 6 to 8 hours.

A correlation exists between the initial histologic lesions seen via

light microscopy. and a marked increase in ALT, beginning 40 minutes

postdosing, which progresses to the end of the study. The early appearance

and subsequent magnitude of the elevation in this enasme's activity in the

serum are indicators of. not only the brief interval between dosing and

detectable liver injury (30 to 40 minutes), but also of the massive hepatic

necrosis which ultimately occurs. In addition. there are marked increases in

the SAP and total bilirubin. Although these are often correlated more with

biliary obstruction, in this case they are also related to the massive
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necrosis which occurs. Although serm glucose concentrations are initially

very high, they fall precipitously to abnormally low values over the 24 hr.

course of the study. This marked decrease in serum glucose may be due to

the inability of the dmaged liver to: 1) convert glycogen to glucose or 2)

to synthesize glucose from precursor molecules.

In the liver, endothelial damaSe is evident by the massive hemorrhage and

loss of central veins and sinusoids. Whether the initial effect is to

endothelial cells in the liver, or to hepatocytes, with subsequent endothelial

dmage is unclear at this time. However, in vitro work utilizing hepatocytes

and endothelial cells in culture will attenpt to clarify this question. This

breakdown in endothelial integrity, in conjunction with massive hepatocyte

disassociation, appears to allow intact hepatocytes and necrotic cellular

debris into the venous circulation and subsequently into the pulmonary artery.

In rats, necrotic debris and intact cells, vhich are apparently degenerate

hepatocytes, are seen in the pulmonary vasculature as early a 1 hour

postdosing. The mmber of intact cells in the pulmonary vessels increases to

a maxiinm at 6 to 9 hours, then beginning at 12 hours, they start to be

gradually replaced by necrotic cellular debris until at 24 hours, very few

intact cells are seen. It must be noted, however, that severe hepatic lesions

precede the finding of intact cells and significant amounts of necrotic

cellular debris in the pulmonary vasculature. To date, we have not seen such

intact cells in the pulmonary circulation of nice although this has been

reported7 --..... .

Renal lesion- in nice and rats are suggestive of $lamerular damage with

protein leakage into cortical tubules. These lesions are more extensive in

rats than nice. This may be due to the presence of necrotic cellular debris

circulating in glomerular capillaries. In rats, the presence of large amounts

of this fibrillar material within glowerular capillaries at 18 and 24 hours
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toincided with increased amounts of the homogeneous basophilic material within

the lumena of renal cortical tubules. Renal cortical tubular necrosis was

evident in rats at very high concentrations of 7820 microcystin. This may be

due to a direct effect of the toxin on the tubular epithelium or on local

renal circulation or be secondary to the, effects of abnormal metabolic

products and physiologic alterations resulting from shock induced by the

massive hepatic necrosis and hemorrhage.

The time at which renal lesions vere seen was roughly correlated to an

elevation of the BUN and creatinine. These increases could be due to direct

renal damage, a decreased rate of glonerular filtration from shock, or

obstruction of glomerular capillaries with debris from the liver.

While the exact mechanism of action of the toxin produced by Microc.usJig

arggj og& remains to be determined, death in affected animals is presumably

due to massive hepatic destruction and hemorrhage resulting in shock and loss

of the myriad of liver functions necessary for the maintenance of life.
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Table 1. Average liver and kidney weights (as Z body weight) of rats
given intraperitoneal injections of 7820 sicrocystin.

Dose Liver Kidney
ug/kg n +...D (W) -± S.D (M)

0* 3 4.93 + 0.51 0.9 + 0

20* 3 6.23 + 0.93 1.07 + 0.25

40* 3 3.70 + 0.26 0.77 + 0.15

80 1 4.20 + 0 1.00 + 0

120 2 4.70 + 0 1.05 + 0.07

160 7 4.73 + 0.39 1.01 + 0.07

200 3 5.17 + 0.49 1.03 + 0.06

240 1 4.10 + 0 1.40 + 0

400 3 6.13 + 0.050 1.10 + 0.12

800 3 6.33 + 1.29 1.03 + 0.21

1200 3 6.70 + 0.44 1.20 + 0.10

*All animals at the" doses survived and were killed by ether inhalation at
2 to 12 days following treaueut.
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Table 2. Sequential liver and kidney weights (as 2 body veight) of nice
injected intraperitoneally with 100.ug/kg of 7820 microcystin.

Time after dosing (min.) Liver (Z 3BW) Kidney (Z BW)

Controls (saline) 5.37 0.76

15 5.37 0.75

30 5.63 0.75

60 9.01 0.82

90 10.48 0.97

Spontaneous death (>90) 9.69 1.00

" " •• • , i l a I I I i i
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Figure 1: Relative liver weights (as Z body weight) in rats (n , 2 to 7)
injected ip vith 160 ug 7820 microcystin/kg
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Figure 1: Relative kidney weights (as 2 body weight) in rats (n-s 2 to 7)

injected ip with 160 ug 7820 uicrocystiri/kg
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ligur. 3: Alanines aino, trnnsferase (ALT, SGPT) in rats (n m 2 to 7) for
the first 60 ain. after ip injection with 160 uglkg 7820
nicrocystin/kg
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1&uze 4: Alanine mino transferase (ALT, SGCT) in rats (n - 2 to 7)
over the entire 24 hrs. period after ip injection vith 160
ug/kS 7820 uicrocystin/kg
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7igure 5: Serum alkaline phosphatase in rats (n - 2 to 7) after ip
injection with 160 ug/kg 7820 usicrocystin/kg
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Irigare 6: Total biliruzbin in rats (a - 2 to 7) after ip injection vith

160 u~g/kg 7820 wicrocystin/kg
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Tiger* 7: Blood urea uitrog~u (RUN) in rats (a 2 to 7) injected ip

vith 160 ug 7820 aicrocystiu/kS
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kigre 8: Urmi creatinjue in rats (a -2 to 7) iajected ip with 160 ug
7820 micracystin/kg
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